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(57) A device for controlling an internal combustion 
engine, comprising a variable valve mechanism for var- 
ying opening areas (valve lift) or the working angles 
(valve-opening periods) of at least either the intake 
valves or the exhaust valves, wherein a pressure in the 
cylinder is calculated based on the opening area or the 
working angle of at least either the intake valve or the 
exhaust valve varied by the variable valve mechanism, 
and the internal combustion engine is controlled based 
on the pressure in the cylinder. Upon calculating the 
pressure in the cylinder based on the opening areas or 
the working angles of the intake and exhaust valves, it 
is possible to more suitably control the internal combus- 
tion engine based not only upon the peak combustion 
pressure in the cylinder like when a combustion pres- 
sure sensor is used but also upon a pressure in the cyl- 
inder at a moment other than the peak combustion pres- 
sure. 
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Description 

Technical Field: 

[0001] The present invention relates to a device for 
controlling internal combustion engines. 

Background Art: 

[0002] There have heretofore been known devices for 
controlling internal combustion engines based upon the 
pressure in the cylinders. Japanese Unexamined Patent 
Publication (Kokai) No. 9-53503 discloses a device of 
this kind for controlling internal combustion engines. In 
the device for controlling internal combustion engines 
disclosed in the above Japanese Unexamined Patent 
Publication (Kokai) No. 9-53503, the amount of fuel in- 
jection and the ignition timing are calculated based on 
an output value of a cylinder pressure sensor that de- 
tects the pressure in the cylinder. 
[0003] When the pressure in the cylinder is detected 
by the cylinder pressure sensor as in the device for con- 
trolling internal combustion engines disclosed in Japa- 
nese Unexamined Patent Publication (Kokai) No. 
9-53503, however, the pressure in the cylinder that is 
detected is a peak combustion pressure at a moment of 
a crank angle of 10 to 15 degrees after the top dead 
center in the compression stroke. With the device for 
controlling internal combustion engines disclosed in 
Japanese Unexamined Patent Publication (Kokai) No. 
9-53503, therefore, it is not possible to control the inter- 
nal combustion engines based on the pressure in the 
cylinder other than the peak combustion pressure in the 
cylinder, such as the pressue at the top dead center in 
the compression stroke. In addition, with the device for 
controlling internal combustion engines, which does not 
consider a change in the pressure in the cylinder accom- 
panying a change in the opening areas of the intake and 
exhaust valves or a change in the working angle as a 
result of employing a variable valve mechanism as 
taught in Japanese Unexamined Patent Publication 
(Kokai) No. 9-53503, it is not possible to suitably control 
the internal combustion engine when the opening areas 
of the intake and exhaust valves vary or when the work- 
ing angles thereof vary. 

[0004] There has further been known a device for con- 
trolling internal combustion engines based on the tem- 
perature of a certain portion in the cylinder. The device 
for controlling internal combustion engines of this type 
has been disclosed in, for example, Japanese Unexam- 
ined Patent Publication (Kokai) No. 4-81574. In the de- 
vice for controlling internal combustion engines taught 
in Japanese Unexamined Patent Publication (Kokai) 
No. 4-81574, the ignition timing is calculated based up- 
on an output value of a wall temperature sensor that de- 
tects the temperature of the cylinder wall, and the inter- 
nal combustion engine is controlled based on the thus 
calculated ignition timing. 



[0005] In the device for controlling internal combus- 
tion engines taught in the above Japanese Unexamined 
Patent Publication (Kokai) No. 4-81 574, the ignition tim- 
ing is calculated based on the temperature of the cylin- 
5 der wall, and the internal combustion engine is control- 
led based on the ignition timing. However, there is a con- 
siderable difference between the temperature of the cyl- 
inder wall and the temperature of gas in the cylinder. In 
addition, it can be said that a suitable ignition timing is 
10 determined based on the temperature of gas in the cyl- 
inder rather than the temperature of the cylinder wall. 
Therefore, the internal combustion engine cannot be 
suitably controlled by the device for controlling internal 
combustion engines, which calculates the ignition timing 
is based on the temperature of the cylinder wall as taught 
in Japanese Unexamined Patent Publication (Kokai) 
No. 4-81574. Moreover, with the device for controlling 
internal combustion engines, which does not consider 
a change in the temperature of gas in the cylinder ac- 
companying a change in the opening areas of the intake 
and exhaust valves or a change in the working angles 
thereof as a result of employing a variable valve mech- 
anism taught in Japanese Unexamined Patent Publica- 
tion (Kokai) No. 4-81574, it is not possible to suitably 
control the internal combustion engine when the open- 
ing areas of the intake and exhaust valves vary or when 
the working angles thereof vary. There has further been 
known a device for controlling internal combustion en- 
gines based upon the ratio or amount of an internal EGR 
gas by being provided with a variable valve mechanism 
for at least the intake valves or the exhaust valves. As 
a device for controlling internal combustion engines of 
this kind, there has been known the one disclosed in, 
for example, Japanese Unexamined Patent Publication 
(Kokai) No. 9-209895. The device for controlling internal 
combustion engines disclosed in Japanese Unexam- 
ined Patent Publication (Kokai) No. 9-209895 is 
equipped with a variable valve mechanism for shifting 
the opening/closing timing (valve timing) without varying 
the length of period for opening the intake valve, and 
calculates the ignition timing based on the sum of the 
amount of the internal EGR gas (recirculating amount 
of the internal exhaust gas) or the amount of the burnt 
gas taken into the cylinder again after blown back into 
the Intake pipe and the amount of the burnt gas remain- 
ing in the cylinder, i.e. not exhausted from the cylinder, 
thereby to control the internal combustion engine based 
on the thus calculated ignition timing. 
[0006] However, the device for controlling internal 
combustion engines disclosed in Japanese Unexam- 
ined Patent Publication (Kokai) No. 9-209895 is not con- 
sidering the amount of varying the opening areas of the 
intake and exhaust valves, though it is considering the 
amount of shifting the opening/closing timing of the in- 
take and exhaust valves at the time of calculating the 
amount of the internal EGR gas. When the variable 
valve mechanism is provided with a function for varying 
the valve-lifting amount and when the opening areas of 
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the intake and exhaust valves are varied by changing 
the valve-lifting amount, the real amount of the internal 
EGR gas varies to a considerable degree even though 
the opening/closing timings of the intake and exhaust 
valves are not shifted. When the amount of the internal 
EGR gas is calculated by the device for controlling In- 
terna! combustion engines disclosed in Japanese Un- 
examined Patent Publication (Kokai) No. 9-209895 
without considering a change in the opening areas of 
the intake and exhaust valves despite the opening areas 
of the intake and exhaust valves are changing, there- 
fore, the calculated amount of the internal EGR gas be- 
comes considerably different from the real amount of the 
internal EGR gas. Namely, when the opening areas of 
the intake and exhaust valves are subjectto change, the 
amount of the internal EGR gas is not correctly calcu- 
lated by the device for controlling internal combustion 
engines taught in Japanese Unexamined Patent Publi- 
cation (Kokai) No. 9-209895, which considers a change 
in the amount of the internal EGR gas accompanying a 
change in the opening areas of the intake and exhaust 
valves due, for example, to the variable valve mecha- 
nism. Accordingly, it is not possible to suitably control 
the internal combustion engines. 
[0007] Further, the device for controlling the internal 
combustion engines disclosed in Japanese Unexam- 
ined Patent Publication (Kokai) No. 9-209895 considers 
the amount of shifting the opening/closing timings of the 
intake and exhaust valves at the time of calculating the 
amount of the internal EGR gas but does not consider 
the amount of changing the rotational angle of the cam 
shafts that correspond to the periods of opening the in- 
take and exhaust valves. On the other hand, when the 
variable valve mechanism is provided with a function for 
varying the working angles of the intake and exhaust 
valves, i.e., with a function for increasing or decreasing 
the periods for opening the intake and exhaust valves 
and when the working angles of the intake and exhaust 
valves are varied, the real amount of the internal EGR 
gas changes to a considerable degree even when the 
opening/closing timings of the intake and exhaust 
valves are not shifted, i.e., even when the peak timing 
of the valve-lifting amount is not changed. When the 
amount of the internal EGR gas is calculated by the de- 
vice for controlling internal combustion engines dis- 
closed in Japanese Unexamined Patent Publication 
(Kokai) No. 9-209895 without considering a change in 
the working angles of the intake and exhaust valves 
though the working angles of the intake and exhaust 
valves are changing, therefore, the calculated amount 
of the internal EGR gas becomes considerably different 
from the real amount of the internal EGR gas. Namely, 
when the working angles of the intake and exhaust 
valves are subject to change, the amount of the internal 
EGR gas is not correctly calculated by the device for 
controlling internal combustion engines taught in Japa- 
nese Unexamined Patent Publication (Kokai) No. 
9-209895, which does not consider a change in the 



amount of the internal EGR gas accompanying a 
change in the working angles of the intake and exhaust 
valves due, for example, to the variable valve mecha- 
nism. Accordingly, it is not possible to suitably control 

5 the internal combustion engines. 

[0008] There has further been known a device for con- 
trolling internal combustion engines equipped with a 
variable valve mechanism for at least either the intake 
valves or the exhaust valves, based on a degree of tur- 

10 bulence in the cylinder that is estimated relying upon the 
opening area of the intake valve varied by the variable 
valve mechanism. A device for controlling internal com- 
bustion engines of this type has been disclosed in, for 
example, Japanese Unexamined Patent Publication 

'5 (Kokai) No. 2000-73800. In the device for controlling in- 
ternal combustion engines disclosed in Japanese Un- 
examined Patent Publication (Kokai) No. 2000-73800, 
it is estimated that the degree of turbulence in the cyl- 
inder decreases with a decrease in the opening area of 

20 the intake valve that is varied by the variable valve 
mechanism. 

[0009] Namely, in the device for controlling internal 
combustion engines disclosed in Japanese Unexam- 
ined Patent Publication (Kokai) No. 2000-73800, it is es- 
25 timated that the degree of turbulence in the cylinder de- 
creases with a decrease in the opening area of the in- 
take valve that is varied by the variable valve mecha- 
nism. In practice, however, the degree of turbulence in 
the cylinder increases with a decrease in the opening 
30 area of the intake valve that is varied by the variable 
valve mechanism. Therefore, if it is estimated that the 
degree of turbulence in the cylinder decreases with a 
decrease in the opening area of the intake valve like in 
the device for controlling internal combustion engines 
35 as disclosed in Japanese Unexamined Patent Publica- 
tion (Kokai) No. 2000-73800 and if the internal combus- 
tion engine is controlled based on the estimated degree 
of turbulence in the cylinder, then, the internal combus- 
tion engine is not suitably controlled when the opening 
40 area of the intake valve is varied by the variable valve 
mechanism. 

Disclosure of the Invention: 

45 [0010] In view of the above problems, it is an object 
of the present invention to provide a device for control- 
ling an internal combustion engine based not only upon 
a peak combustion pressure in the cylinder but also up- 
on a pressure in the cylinder at a moment other than the 

50 peak combustion pressure, thereby to suitably control 
the internal combustion engine even when the opening 
areas or the working angles of the intake and exhaust 
valves are varied. 

[0011] It is another object of the present invention to 
55 provide a device for more suitably controlling an internal 
combustion engine than when the internal combustion 
engine is controlled based on the temperature of the cyl- 
inder wall even when the opening areas or the working 
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angles of the intake and exhaust valves are varied. 
[0012] It is a further object of the present invention to 
provide a device for suitably controlling an internal com- 
bustion engine by correctly calculating an amount of the 
internal EGR gas even when the opening areas or the 
working angles of the intake and exhaust valves are var- 
ied. 

[0013] It is a further object of the present invention to 
provide a device for suitably controlling an internal com- 
bustion engine by correctly estimating a degree of tur- 
bulence in the cylinder even when the opening areas or 
the working angles of the intake and exhaust valves are 
varied by the variable valve mechanism. 
[001 4] According to a first aspect of the present inven- 
tion, there is provided a device for controlling an internal 
combustion engine based on a pressure in the cylinder, 
comprising a variable valve mechanism for varying 
opening areas of at least either the intake valves or the 
exhaust valves, wherein a pressure in the cylinder is cal- 
culated based on the opening area of at least either the 
intake valve or the exhaust valve varied by the variable 
valve mechanism, and the internal combustion engine 
is controlled based on the pressure in the cylinder. 
[0015] Namely, in the device forcontrolling an internal 
combustion engine according to the first aspect of the 
invention, a pressure in the cylinder is calculated based 
on the opening area of at least either the intake valve or 
the exhaust valve varied by the variable valve mecha- 
nism. It is therefore possible to control the internal com- 
bustion engine based not only upon a peak combustion 
pressure in the cylinder but also upon a pressure in the 
cylinder at a moment other than the peak combustion 
pressure, unlike the case of detecting the pressure in 
the cylinder by the cylinder pressure sensor employed 
by the device forcontrolling internal combustion engines 
taught in Japanese Unexamined Patent Publication 
(Kokai) No. 9-53503. Further, since the internal combus- 
tion engine is controlled based on the pressure in the 
cylinder calculated relying upon the opening areas of at 
least either the intake valves or the exhaust valves, it is 
possible to suitably control the internal combustion en- 
gine even when the opening areas of the intake and ex- 
haust valves are varied. More specifically, the pressure 
in the cylinder increases with an increase in the opening 
area of the intake valve, the pressure in the cylinder be- 
ing calculated based on the opening area of the intake 
valve, and the internal combustion engine is so control- 
led that the ignition timing is delayed with an increase 
in the pressure in the cylinder. Alternatively, the pres- 
sure in the cylinder increases with an increase in the 
opening area of the intake valve, the pressure in the cyl- 
inder being calculated based on the opening area of the 
intake valve, and the internal combustion engine is so 
controlled that the amount of fuel injection is increased 
with an increase in the pressure in the cylinder. 
[0016] According to a second aspect of the present 
invention, there is provided a device for controlling an 
internal combustion engine based on a pressure in the 



cylinder, comprising a variable valve mechanism for var- 
ying working angles of at least either the intake valves 
or the exhaust valves, wherein a pressure in the cylinder 
is calculated based on the working angle of at least ei- 
5 ther the intake valve or the exhaust valve varied by the 
variable valve mechanism, and the internal combustion 
engine is controlled based on the pressure in the cylin- 
der. 

[0017] Namely, in the device for controlling an internal 
10 combustion engine according to the second aspect of 
the invention, a pressure in the cylinder is calculated 
based on the working angle of at least either the intake 
valve or the exhaust valve varied by the variable valve 
mechanism. It is therefore possible to control the inter- 
's nal combustion engine based not only upon a peak com- 
bustion pressure in the cylinder but also upon a pressure 
in the cylinder at a moment other than the peak com- 
bustion pressure, unlike the case of detecting the pres- 
sure in the cylinder by the cylinder pressure sensor em- 
ployed by the device for controlling internal combustion 
engines taught in Japanese Unexamined Patent Publi- 
cation (Kokai) No. 9-53503. Further, since the internal 
combustion engine is controlled based on the pressure 
in the cylinder calculated relying upon the working an- 
gles of at least either the intake valves or the exhaust 
valves, it is possible to suitably control the internal com- 
bustion engine even when the working angles of the in- 
take and exhaust valves are varied. More specifically, 
when the intake valve is fully closed after the bottom 
dead center in the intake stroke, the pressure in the cyl- 
inder increases with a decrease in the working angle of 
the intake valve, the pressure in the cylinder being cal- 
culated based on the working angle of the intake valve, 
and the internal combustion engine is so controlled that 
the ignition timing is delayed with an increase in the 
pressure in the cylinder. Further, when the intake valve 
is fully closed before the bottom dead center in the in- 
take stroke, the pressure in the cylinder increases with 
an increase in the working angle of the intake valve, the 
pressure in the cylinder being calculated based on the 
working angle of the intake valve, and the internal com- 
bustion engine is so controlled that the ignition timing is 
delayed with an increase in the pressure in the cylinder. 
Alternatively, the pressure in the cylinder increases with 
a decrease in the working angle of the intake valve, the 
pressure in the cylinder being calculated based on the 
working angle of the intake valve, and the internal com- 
bustion engine is so controlled that the amount of fuel 
injection is increased with an increase in the pressure 
in the cylinder. 

[0018] According to a third aspect of the present in- 
vention, there is provided a device for controlling an in- 
ternal combustion engine, comprising a variable valve 
mechanism for varying opening areas and working an- 
gles of at least either the intake valves or the exhaust 
valves, wherein a pressure in the cylinder is calculated 
based on the opening area and the working angle of at 
least either the intake valve or the exhaust valve varied 
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by the variable valve mechanism, and the internal com- 
bustion engine is controlled based on the pressure in 
the cylinder 

[0019] Namely, in the device for controlling an internal 
combustion engine according to the third aspect of the 5 
invention, a pressure in the cylinder is calculated based 
on the opening area and the working angle of at least 
either the intake valve or the exhaust valve varied by the 
variable valve mechanism, and the internal combustion 
engine is controlled based upon the pressure In the cyl- io 
inder. It is therefore possible to suitably control the in- 
ternal combustion engine by more correctly calculating 
the pressure in the cylinder than a case of calculating 
the pressure in the cylinder based upon the opening ar- 
eas only of the intake and exhaust valves but not upon ^ 
the working angles of the intake and exhaust valves, or 
than a case of calculating the pressure in the cylinder 
based upon the working angles only of the intake and 
exhaust valves but not upon the opening areas of the 
intake and exhaust valves. 20 
[0020] According to a fourth aspect of the present in- 
vention, there is provided a device for controlling an in- 
ternal combustion engine based on a temperature of a 
certain portion in the cylinder, comprising a variable 
valve mechanism for varying opening areas of at least 25 
either the intake valves or the exhaust valves, wherein 
a temperature of gas in the cylinder is calculated based 
on the opening area of at least either the intake valve or 
the exhaust valve varied by the variable valve mecha- 
nism, and the internal combustion engine is controlled 30 
based on the temperature of gas in the cylinder 
[0021] In the device for controlling an internal com- 
bustion engine according to the fourth aspect of the in- 
vention, a temperature of gas in the cylinder is calculat- 
ed based on the opening area of at least either the intake 35 
valve or the exhaust valve varied by the variable valve 
mechanism, and the internal combustion engine is con- 
trolled based upon the temperature of gas in the cylin- 
der. It is therefore possible to more suitably control the 
internal combustion engine than when the internal com- *o 
bustion engine is controlled based on the temperature 
of the cylinder wall that is done by the device for con- 
trolling internal combustion engines taught in Japanese 
Unexamined Patent Publication (Kokai) No. 4-81574. 
Further, since the internal combustion engine is control- 45 
led based on the temperature of gas in the cylinder cal- 
culated relying upon the opening area of at least either 
the intake valves or the exhaust valves, it is possible to 
suitably control the internal combustion engine even 
when the opening areas of the intake and exhaust so 
valves are varied. More specifically, the temperature of 
gas in the cylinder increases with an increase in the 
opening area of the intake valve, the temperature of gas 
in the cylinder being calculated based on the opening 
area of the intake valve, and the internal combustion en- 55 
gine is so controlled that the ignition timing is delayed 
with an increase in the temperature of gas in the cylin- 
der. 



[0022] According to a fifth aspect of the present inven- 
tion, there is provided a device for controlling an internal 
combustion engine based on a temperature of a certain 
portion in the cylinder, comprising a variable valve 
mechanism for varying working angles of at least either 
the intake valves or the exhaust valves, wherein a tem- 
perature of gas in the cylinder is calculated based on 
the working angle of at least either the intake valve or 
the exhaust valve varied by the variable valve mecha- 
nism, and the internal combustion engine is controlled 
based on the temperature of gas in the cylinder. 
[0023] In the device for controlling an internal com- 
bustion engine according to the fifth aspect of the inven- 
tion, the temperature of gas in the cylinder is calculated 
based on the working angle of at least either the intake 
valve or the exhaust valve varied by the variable valve 
mechanism, and the internal combustion engine is con- 
trolled based upon the temperature of gas in the cylin- 
der. It is therefore possible to suitably control the internal 
combustion engine better than when the internal com- 
bustion engine is controlled based on the temperature 
of the cylinder wall, as done by the device for controlling 
internal combustion engines taught in Japanese Unex- 
amined Patent Publication (Kokai) No. 4-81574. Fur- 
ther, since the internal combustion engine is controlled 
based on the temperature of gas in the cylinder calcu- 
lated relying upon the working angles of at least either 
the intake valves or the exhaust valves, it is possible to 
suitably control the internal combustion engine even 
when the working angles of the intake and exhaust 
valves are varied. More specifically, when the intake 
valve is fully closed after the bottom dead center in the 
intake stroke, the temperature of gas in the cylinder in- 
creases with an increase in the working angle of the in- 
take valve, the temperature of gas in the cylinder being 
calculated based on the working angle of the intake 
valve, and the internal combustion engine is so control- 
led that the ignition timing is delayed with an increase 
in the temperature of gas in the cylinder. Further, when 
the intake valve is fully closed before the bottom dead 
center in the intake stroke, the temperature of gas in the 
cylinder increases with a decrease in the working angle 
of the intake valve, the temperature of gas in the cylinder 
being calculated based on the working angle of the in- 
take valve, and the internal combustion engine is so 
controlled that the ignition timing is delayed with an in- 
crease in the temperature of gas in the cylinder. 
[0024] According to a sixth aspect of the present in- 
vention, there is provided a device for controlling an in- 
ternal combustion engine, comprising a variable valve 
mechanism for varying opening areas and working an- 
gles of at least either the intake valves or the exhaust 
valves, wherein a temperature of gas in the cylinder is 
calculated based on the opening area and the working 
angle of at least either the intake valve or the exhaust 
valve varied by the variable valve mechanism, and the 
internal combustion engine is controlled based on the 
temperature of gas in the cylinder. 
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[0025] Namely, in the device for controlling an internal 
combustion engine according to the sixth aspect of the 
invention, a temperature of gas in the cylinder is calcu- 
lated based on the opening area and the working angle 
of at least either the intake valve or the exhaust valve 
varied by the variable valve mechanism, and the internal 
combustion engine is controlled based upon the tem- 
perature of gas in the cylinder. It is therefore possible to 
more suitably control the internal combustion engine by 
correctly calculating the temperature of gas in the cylin- 
der than a case of calculating the temperature of gas in 
the cylinder based upon the opening areas only of the 
intake and exhaust valves but not upon the working an- 
gles of the intake and exhaust valves, or than a case of 
calculating the temperature of gas in the cylinder based 
upon the working angles only of the intake and exhaust 
valves but not upon the opening areas of the intake and 
exhaust valves. 

[0026] According to a seventh aspect of the present 
invention, there is provided a device for controlling an 
internal combustion engine, comprising a variable valve 
mechanism for at least either the intake valves or the 
exhaust valves thereby to control the internal combus- 
tion engine based on a ratio or amount of the internal 
EGR gas, wherein a ratio or amount of the internal EGR 
gas is calculated based on the opening area of at least 
either the intake valve or the exhaust valve varied by the 
variable valve mechanism, and the internal combustion 
engine is controlled based on the ratio or amount of the 
internal EGR gas. 

[0027] In the device for controlling an internal com- 
bustion engine according to the seventh aspect of the 
invention, a ratio or amount of the internal EGR gas is 
calculated based on the opening area of at least either 
the intake valve or the exhaust valve varied by the var- 
iable valve mechanism, and the internal combustion en- 
gine is controlled based upon the ratio or amount of the 
internal EGR gas. It is therefore possible to suitably con- 
trol the internal combustion engine by correctly calcu- 
lating the ratio or amount of the internal EGR gas without 
considering a change in the opening areas of the intake 
and exhaust valves effected by the variable valve mech- 
anism unlike that of the device for controlling internal 
combustion engines taught in Japanese Unexamined 
Patent Publication (Kokai) No. 9-209895. Namely, even 
when the opening areas of the intake and exhaust 
valves are varied, it is possible to correctly calculate the 
amount of the internal EGR gas and to suitably control 
the internal combustion engine. More specifically, the 
ratio or amount of the internal EGR gas increases with 
an increase in the opening area of the intake valve, the 
ratio or amount of the internal EGR gas being calculated 
based on the opening area of the intake valve, and the 
internal combustion engine is so controlled that the ig- 
nition timing is advanced with an increase in the ratio or 
amount of the internal EGR gas. 
[0028] According to an eighth aspect of the present 
invention, there is provided a device for controlling an 



internal combustion engine, comprising a variable valve 
mechanism for at least either the intake valves or the 
exhaust valves thereby to control the internal combus- 
tion engine based on a ratio or amount of the internal 
5 EGR gas, wherein a ratio or amount of the internal EGR 
gas is calculated based on the working angle of at least 
either the intake valve or the exhaust valve varied by the 
variable valve mechanism, and the internal combustion 
engine is controlled based on the ratio or amount of the 

10 internal EGR gas. 

[0029] In the device for controlling an internal com- 
bustion engine according to the eighth aspect of the in- 
vention, a ratio or amount of the interna! EGR gas is cal- 
culated based on the working angle of at least eitherthe 

is intake valve or the exhaust valve varied by the variable 
valve mechanism, and the internal combustion engine 
is controlled based upon the ratio or amount of the in- 
ternal EGR gas. It is therefore possible to suitably con- 
trol the internal combustion engine by correctly calcu- 

20 latingthe ratio or amount of the internal EGR gas without 
considering a change in the working angles of the intake 
and exhaust valves effected by the variable valve mech- 
anism unlike that of the device for controlling internal 
combustion engines taught in Japanese Unexamined 

25 Patent Publication (Kokai) No. 9-209895. Namely, even 
when the working angles of the intake and exhaust 
valves are varied, it is possible to correctly calculate the 
amount of the internal EGR gas and to suitably control 
the internal combustion engine. More specifically, the 

30 ratio or amount of the internal EGR gas increases with 
an increase in the working angle of the intake valve, the 
ratio or amount of the internal EGR gas being calculated 
based on the working angle of the intake valve, and the 
internal combustion engine is so controlled that the ig- 

35 nition timing is advanced with an increase in the ratio or 
amount of the internal EGR gas. 
[0030] According to a ninth aspect of the present in- 
vention, there is provided a device for controlling an in- 
ternal combustion engine, wherein a ratio or amount of 

40 the internal EGR gas is calculated based on the opening 
areas and the working angles of at least eitherthe intake 
valves or the exhaust valves varied by a variable valve 
mechanism, and the internal combustion engine is con- 
trolled based on the ratio or amount of the internal EGR 

45 gas. 

[0031] In the device for controlling an internal com- 
bustion engine according to the ninth aspect of the in- 
vention, a ratio or amount of the internal EGR gas is cal- 
culated based on the opening area and the working an- 

50 gie of at least eitherthe intake valve or the exhaust valve 
varied by the variable valve mechanism, and the internal 
combustion engine is controlled based upon the ratio or 
amount of the internal EGR gas. It is therefore possible 
to more suitably control the internal combustion engine 

55 by correctly calculating the ratio or amount of the internal 
EGR gas than a case of calculating the ratio or amount 
of the internal EGR gas based upon the opening areas 
only of the intake and exhaust valves but not upon the 
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working angles of the intake and exhaust valves, or than 
a case of calculating the ratio or amount of the internal 
EGR gas based upon the working angles only of the in- 
take and exhaust valves but not upon the opening areas 
of the intake and exhaust valves. 5 
[0032] According to a tenth aspect of the present in- 
vention, there is provided a device for controlling an in- 
ternal combustion engine, comprising a variable valve 
mechanism for at least either the intake valves or the 
exhaust valves thereby to control the internal combus- 10 
tion engine based on a degree of turbulence in the cyl- 
inder that is estimated based on the opening area of the 
intake valve varied by the variable valve mechanism, 
wherein it is so estimated that a degree of turbulence in 
the cylinder increases with a decrease in the opening is 
area of the intake valve varied by the variable valve 
mechanism, and the internal combustion engine is con- 
trolled based on the estimated degree of turbulence in 
the cylinder. 

[0033] In the device for controlling an internal com- 20 
bustion engine according to the tenth aspect of the in- 
vention, it is estimated that a degree of turbulence in the 
cylinder increases with a decrease in the opening area 
of the intake valve varied by the variable valve mecha- 
nism, and the internal combustion engine is controlled 25 
based upon the estimated degree of turbulence in the 
cylinder. Even when the opening area of the intake valve 
is varied by the variable valve mechanism, therefore, the 
degree of turbulence in the cylinder is correctly estimat- 
ed and the internal combustion engine is suitably con- 30 
trolled unlike that of using the device for controlling in- 
ternal combustion engines taught in Japanese Unexam- 
ined Patent Publication (Kokai) No. 2000-73800 accord- 
ing to which it is so estimated that a degree of turbulence 
in the cylinder decreases with a decrease in the opening 35 
area of the intake valve, and the internal combustion en- 
gine is controlled based on the estimated degree of tur- 
bulence in the cylinder. More specifically, the degree of 
turbulence in the cylinder increases with a decrease in 
the opening area of the intake valve, the degree of tur- 40 
bulence in the cylinder being estimated based on the 
opening area of the intake valve, and the internal com- 
bustion engine is so controlled that the ignition timing is 
delayed with an increase in the degree of turbulence in 
the cylinder. 45 

Brief Description of the Drawings: 

[0034] 

50 

Fig. 1 is a view schematically illustrating a first em- 
bodiment of a device for controlling an internal com- 
bustion engine according to the present invention; 
Fig. 2 is a view illustrating, in detail, an intake sys- 
tem of the device for controlling an internal combus- ss 
tion engine shown in Fig. 1 ; 
Fig. 3 is a view illustrating in detail a cam for an in- 
take valve and a cam shaft shown in Fig. 1 ; 



Fig. 4 is a view illustrating in detail a device for 
changing the valve-lifting amount shown in Fig. 1 ; 
Fig. 5 is a diagram illustrating a change in the valve- 
lifting amount of the intake valve accompanying the 
operation of the device for changing the valve-lifting 
amount; 

Fig. 6 is a view illustrating in detail an opening/clos- 
ing timing shifting device shown in Fig. 1 ; 
Fig. 7 is a diagram illustrating how the opening/clos- 
ing timing of the intake valve shifts accompanying 
the operation of the opening/closing timing shifting 
device; 

Fig. 8 is a flowchart illustrating a method of calcu- 
lating the ignition timing according to the first em- 
bodiment; 

Fig. 9 is a diagram illustrating a relationship among 
the normal condition of pressure PCYLb in the cyl- 
inder at the compression top dead center, the valve- 
lifting amount LT and the pressure PM in the intake 
pipe; 

Fig. 1 0 is a diagram illustrating a relationship among 
the normal condition of pressure PCYLb in the cyl- 
inder at the compression top dead center, the work- 
ing angle VA and the pressure PM in the intake pipe; 
Fig. 11 is a diagram illustrating a relationship among 
the normal condition of pressure PCYLb in the cyl- 
inder at the compression top dead center, the work- 
ing angle VA and the pressure PM in the intake pipe; 
Fig. 1 2 is a diagram illustrating a relationship among 
the normal condition of pressure PCYLb in the cyl- 
inder at the compression top dead center, the open- 
ing/closing timing (phase) VTand the pressure PM 
in the intake pipe; 

Fig. 1 3 is a diagram illustrating a relationship among 
the normal condition of pressure PCYLb in the cyl- 
inder at the compression top dead center, the open- 
ing/closing timing (phase) VT and the pressure PM 
in the intake pipe; 

Fig. 14 is a diagram illustrating a relationship be- 
tween the normal condition of pressure PCYLb in 
the cylinder at the compression top dead center and 
the engine rotational speed NE; 
Fig. 1 5 is a diagram illustrating a relationship among 
the ignition timing SA, the pressure PCYL in the cyl- 
inder at the compression top dead center, and the 
intake air amount GN taken in by the cylinder per 
one revolution; 

Fig. 16 is a diagram illustrating a relationship be- 
tween the ignition timing SA and the engine rota- 
tional speed NE; 

Fig. 1 7 is a flowchart illustrating a method of calcu- 
lating the amount of fuel injection according to a 
second embodiment; 

Fig. 1 8 is a diagram illustrating a relationship among 
the normal condition of pressure PCYLINb in the 
cylinder at the intake bottom dead center, the valve- 
lifting amount LT and the pressure PM in the intake 
pipe; 
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Fig. 1 9 is a diagram illustrating a relationship among 
the normal condition of pressure PCYLINb in the 
cylinder at the intake bottom dead center, the work- 
ing angle VA and the pressure PM in the intake pipe; 
Fig. 20 is a diagram illustrating a relationship among 5 
the normal condition of pressure PCYLINb in the 
cylinder at the intake bottom dead center, the open- 
ing/closing timing (phase) VT and the pressure PM 
in the intake pipe; 

Fig. 21 is a diagram illustrating a relationship be- 10 
tween the normal condition of pressure PCYLINb in 
the cylinder at the intake bottom dead center and 
the engine rotational speed NE; 
Fig. 22 is a diagram illustrating a relationship among 
the fuel injection amount QINJ, the pressure PCY- 15 
LIN in the cylinder at the intake bottom dead center, 
and the opening/closing timing (phase, valve over- 
lapping) VT; 

Fig. 23 is a flowchart illustrating a method of calcu- 
lating the ignition timing according to a third embod- 20 
iment; 

Fig. 24 is a diagram illustrating a relationship among 
the normal condition of temperature TCYLb of gas 
in the cylinder at the compression top dead center, 
the valve-lifting amount LT and the opening/closing 25 
timing (phase) VT; 

Fig. 25 is a diagram illustrating a relationship among 
the normal condition of temperature TCYLb of gas 
in the cylinder at the compression top dead center, 
the valve-lifting amount LT and the opening/closing 30 
timing (phase) VT; 

Fig. 26 is a diagram illustrating a relationship among 
the normal condition of temperature TCYLb of gas 
in the cylinder at the compression top dead center, 
the valve-lifting amount LT and the working angle 35 
VA; 

Fig. 27 is a diagram illustrating a relationship among 
the normal condition of temperature TCYLb of gas 
in the cylinder at the compression top dead center, 
the valve-lifting amount LT and the working angle 40 
VA; 

Fig. 28 is a diagram illustrating a relationship be- 
tween the normal condition of temperature TCYLb 
of gas in the cylinder at the compression top dead 
center and the pressure PM in the intake pipe; 45 
Fig. 29 is a diagram illustrating a relationship be- 
tween the normal condition of temperature TCYLb 
of gas in the cylinder at the compression top dead 
center and the engine rotational speed NE; 
Fig. 30 is a diagram illustrating a relationship among 50 
the corrected heat value KTWALL, the difference 
between thecylinderwalltemperatureTwallandthe 
normal condition of temperature TCYLb of gas in 
the cylinder at the compression top dead center, 
and the engine rotational speed NE; 55 
Fig. 31 is a diagram illustrating a relationship among 
the intake air temperature correction value KTIN, 
the engine cooling water temperature Tw, and the 



intake air amount Ga; 

Fig. 32 is a diagram illustrating a relationship be- 
tween the internal EGR gas temperature correction 
value KTEGR and the ratio of the internal EGR gas; 
Fig. 33 is a diagram illustrating a relationship among 
the internal EGR gas temperature correction value 
KTEGR, the ignition timing of the previous time and 
the amount of gas burnt per one revolution of the 
previous time; 

Fig. 34 is a diagram illustrating a relationship be- 
tween the internal EGR gas temperature correction 
value KTEGR and the air-fuel ratio of the previous 
time; 

Fig. 35 is a diagram illustrating a relationship among 
the ignition timing SA, the temperature TCYL of gas 
in the cylinder at the compression top dead center 
and the intake air amount GN per a revolution; 
Fig. 36 is a flowchart illustrating a method of calcu- 
lating the ignition timing according to a fourth em- 
bodiment; 

Fig. 37 is a diagram illustrating a relationship among 
the normal condition steady-state ratio KEGRb of 
the internal EGR gas, the valve-lifting amount LT 
and the opening/closing timing (phase) VT; 
Fig. 38 is a diagram illustrating a relationship among 
the normal condition steady-state ratio KEGRb of 
the internal EGR gas ratio, the working angle VA 
and the opening/closing timing (phase) VT; 
Fig. 39 is a diagram illustrating a relationship be- 
tween the normal condition steady-state ratio KE- 
GRb of the internal EGR gas ratio and the pressure 
PM in the intake pipe; 

Fig. 40 is a diagram illustrating a relationship be- 
tween the normal condition steady-state ratio KE- 
GRb of the internal EGR gas ratio and the engine 
rotational speed NE; 

Fig. 41 is a diagram illustrating a relationship be- 
tween the atmospheric pressure correction coeffi- 
cient KPA and the atmospheric pressure; 
Fig. 42 is a diagram illustrating a relationship among 
the back pressure, the engine rotational speed NE 
and the intake air amount GN per one revolution; 
Fig. 43 is a diagram illustrating a relationship be- 
tween the back pressure and the back pressure cor- 
rection coefficient for correcting the internal EGR 
gas ratio; 

Fig, 44 is a diagram illustrating a relationship among 
the amount of the blown-back gas, the average 
opening area of the intake valve 2 (average opening 
area of the intake valve during the valve overlapping 
period) and the average pressure differential before 
and after the intake valve 2 (average differential be- 
tween the pressure in the cylinder and the pressure 
in the intake pipe during the valve overlapping pe- 
riod); 

Fig. 45 is a diagram illustrating a relationship be- 
tween the amount of the blown-back gas and the 
steady-state ratio KEGRSTof the internal EGR gas; 
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Fig. 46 is a diagram illustrating a relationship among 
the degree of effect due to the internal EGR gas of 
the previous time (= 1 - ratio of change KEGRSM 
from the previous time), the ratio KEGRO of the in- 
ternal EGR gas in the previous time and the pres- 
sure PM in the intake pipe; 
Fig. 47 is a diagram illustrating a relationship among 
the ignition timing SA, the ratio KEGR of the internal 
EGR gas and the intake air amount GN per a revo- 
lution; 

Fig. 48 is a diagram illustrating a relationship be- 
tween the ignition timing SA and the engine rota- 
tional speed NE; 

Fig. 49 is a flowchart illustrating a method of calcu- 
lating the ignition timing according to a fifth embod- 
iment; 

Fig. 50 is a diagram illustrating a relationship among 
the turbulence CYLTRB in the cylinder, the valve- 
lifting amount LT and the opening/closing timing 
(phase) VT; 

Fig. 51 is a diagram illustrating a relationship among 
the turbulence CYLTRB in the cylinder, the working 
angle VA and the opening/closing timing (phase) 
VT; 

Fig. 52 is a diagram illustrating a relationship be- 
tween the turbulence CYLTRB in the cylinder and 
the pressure PM in the intake pipe; 
Fig. 53 is a diagram illustrating a relationship be- 
tween the turbulence CYLTRB in the cylinder and 
the engine rotational speed NE; 
Fig. 54 is a diagram illustrating a relationship among 
the ignition timing SA, the turbulence CYLTRB in 
the cylinder and the air intake amount GN per a rev- 
olution; 

Fig. 55 is a diagram illustrating a relationship be- 
tween the ignition timing SA and the engine rota- 
tional speed NE; 

Fig. 56 is a flowchart illustrating a method of con- 
trolling the cam according to a sixth embodiment; 
Fig. 57 is a diagram illustrating a relationship among 
the accelerator opening degree, the engine rota- 
tional speed and the cam to be selected; 
Fig. 58 is a diagram illustrating a relationship among 
the delay in changing the cam, the engine rotational 
speed and the cooling water temperature; 
Fig. 59 is a diagram illustrating a relationship be- 
tween the delay in changing the cam and the hy- 
draulic pressure; 

Fig. 60 is a diagram illustrating a relationship be- 
tween the timing for producing an instruction for 
changing the cam and the timing at which the cam 
really changes; 

Fig. 61 is a flowchart illustrating a method of calcu- 
lating the amount of fuel injection according to a 
sixth embodiment; 

Fig. 62 is a diagram illustrating a relationship among 
the response correction coefficient, the type of cam, 
the engine rotational speed and the intake air 



amount GN per one revolution; 
Fig. 63 is a diagram illustrating a relationship be- 
tween the amount of fuel injection and the intake air 
amount per one revolution; 
5 Fig. 64 is a flowchart illustrating a routine for calcu- 
lating the ignition timing according to the sixth em- 
bodiment; and 

Fig. 65 is a diagram illustrating a relationship among 
the ignition timing, the type of cam, the engine ro- 
10 tational speed and the intake air amount GN per one 
revolution. 

Best Mode for Carrying Out the Invention: 

15 [0035] Embodiments of the invention will now be de- 
scribed with reference to the accompanying drawings. 
[0036] Fig. 1 is a view schematically illustrating a first 
embodiment of a device for controlling an internal com- 
bustion engine according to the present invention, and 

20 Fig. 2 is a view illustrating, in detail, an intake system of 
the device for controlling an internal combustion engine 
shown in Fig. 1. In Figs. 1 and 2, reference numeral 1 
denotes an internal combustion engine, 2 denotes in- 
take valves, 3 denotes exhaust valves, 4 denotes cams 

25 for opening and closing the intake valves, 5 denotes 
cams for opening and closing the exhaust valves, 6 de- 
notes a cam shaft supporting the cams 4 for intake 
valves, and 7 denotes a cam shaft supporting the cams 
5 for exhaust valves. Fig. 3 is a view illustrating in detail 

so the cam for the intake valve and the cam shaft shown 
in Fig. 1 . As shown in Fig. 3, the cam 4 according to this 
embodiment has a cam profile that is changing in the 
direction of the center axis of the cam shaft. That is, the 
cam 4 according to this embodiment has a nose at the 

35 left end in Fig. 3 which is higher than a nose at the right 
end. That is, the valve-lifting amount of the intake valve 
2 according to this embodiment is smaller when the 
valve lifter is in contact with the right end of the cam 4 
than when the valve lifter is in contact with the left end 

40 of the cam 4. 

[0037] Reverting to Figs. 1 and 2, reference numeral 
8 denotes a combustion chamber formed in the cylinder, 
and 9 denotes a device for changing the valve-lifting 
amount by moving the cam 4 in a direction of the center 

45 axis of the cam shaft in order to change the valve-lifting 
amount. Namely, upon operating the device 9 for chang- 
ing the valve-lifting amount, the valve lifter is brought 
into contact with the cam 4 at the left end (Fig. 3) of the 
cam 4 or the valve lifter is brought into contact with the 

50 cam 4 at the right end (Fig. 3) of the cam 4. When the 
valve-lifting amount of the intake valve 2 is changed by 
the device 9 for changing the valve-lifting amount, the 
opening area of the intake valve 2 changes. With the 
intake valve 2 of this embodiment, the opening area of 

55 the intake valve 2 increases with an increase in the 
valve-lifting amount. Reference numeral 10 denotes a 
driver for driving the device 9 for changing the valve- 
lifting amount, and 1 1 denotes an opening/closing timing 
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shifting device for shifting the opening/closing timing of 
the intake valve without changing the valve-opening pe- 
riod of the intake valve 2. Namely, by operating the 
opening/closing timing shifting device 11, the opening/ 
closing timing of the intake valve 2 can be shifted toward 
the advancing side or toward the delaying side. Refer- 
ence numeral 12 denotes an oil control valve for con- 
trolling the hydraulic pressure for actuating the opening/ 
closing timing shifting device 11. The variable valve 
mechanism according to this embodiment includes both 
the device 9 for changing the valve-lifting amount and 
the opening/closing timing shifting device 11. 
[0038] Reference numeral 13 denotes a crank shaft, 
1 4 denotes an oil pan, 1 5 denotes a fuel injection valve, 
16 denotes a sensor for detecting the valve-lifting 
amount of the intake valve 2 and the amount of shifting 
the opening/closing timing, and reference numeral 17 
denotes a sensor for detecting the engine rotational 
speed. Reference numeral 18 denotes an Intake pipe 
pressure sensor for detecting the pressure in the intake 
pipe through which the intake air is fed into the cylinder, 
1 9 denotes an airflow meter, 20 denotes a cooling water 
temperature sensor for detecting the temperature of the 
internal combustion engine cooling water, 21 denotes 
an intake air temperature sensor for detecting the tem- 
perature of the intake air fed into the cylinder through 
the intake pipe, and 22 denotes an ECU (electronic con- 
trol unit). Reference numeral 50 denotes a cylinder, 51 
and 52 denote intake pipes, 53 denotes a surge tank, 
54 denotes an exhaust pipe, and 55 denotes a spark 
plug. 

[0039] Fig. 4 is a view illustrating in detail the device 
for changing the valve-lifting amount shown in Fig. 1. In 
Fig. 4, reference numeral 30 denotes a magnetic mate- 
rial coupled to the cam shaft 6 for the intake valves, 31 
denotes a coil for urging the magnetic material 30 to- 
ward the left, and 32 denotes a compression spring for 
urging the magnetic material 30 toward the right. As the 
amount of electric current supplied to the coil 31 increas- 
es, the cam 4 and the cam shaft 6 move toward the left 
by an increased amount, and the valve-lifting amount of 
the intake valve 2 decreases. 

[0040] Fig. 5 is a diagram illustrating a change in the 
valve-lifting amount of the intake valve accompanying 
the operation of the device for changing the valve-lifting 
amount. Referring to Fig. 5, as the amount of electric 
current supplied to the coil 31 decreases, the valve-lift- 
ing amount of the intake valve 2 increases (solid line -» 
broken line dot-dash chain line). In this embodiment, 
further, the valve-opening period of the intake valve 2 
varies accompanying the operation of the device 9 for 
changing the valve-lifting amount. Namely, the working 
angle of the intake valve 2 changes, too. If described in 
detail, the working angle of the intake valve 2 increases 
(solid line -» broken line -» dot-dash chain line) accom- 
panying an increase in the valve-lifting amount of the 
intake valve 2. In this embodiment, further, the timing at 
which the valve-lifting amount of the intake valve 2 be- 



comes a peak also varies accompanying the operation 
of the device 9 for changing the valve-lifting amount. If 
described in detail, the timing at which the valve-lifting 
amount of the intake vaive 2 becomes a peak is delayed 
5 (solid line -> broken line -> dot-dash chain line) accom- 
panying an increase in the valve-lifting amount of the 
intake valve 2. 

[0041] Fig. 6 is a view illustrating in detail the opening/ 
closing timing shifting device shown in Fig. 1 . In Fig. 6, 
10 reference numeral 40 denotes a fluid passage on the 
advancing side for shifting the opening/closing timing of 
the intake valve 2 toward the advancing side, reference 
numeral 41 denotes a fluid passage on the delaying side 
for shiftingthe opening/closing timing of the intake valve 
*5 2 toward the delaying side, and 42 denotes an oil pump. 
As the hydraulic pressure increases in the fluid passage 
40 on the advancing side, the opening/closing timing of 
the intake valve 2 is shifted toward the advancing side. 
Namely, the rotational phase of the cam shaft 6 is ad- 
vanced with respect to the crank shaft 13. As the hy- 
draulic pressure increases in the fluid passage 41 on 
the delaying side, on the other hand, the opening/clos- 
ing timing of the intake valve 2 is shifted toward the de- 
laying side. Namely, the rotational phase of the cam 
shaft 6 is delayed with respect to the crank shaft 13. 
[0042] Fig. 7 is a diagram illustrating how the opening/ 
closing timing of the intake valve shifts accompanying 
the operation of the opening/closing timing shifting de- 
vice. As the hydraulic pressure increases in the fluid 
passage 40 on the advancing side as shown in Fig. 7, 
the opening/closing timing of the intake valve 2 is shifted 
toward the advancing side (solid line broken line 
dot-dash chain line). Here, the valve-opening period of 
the intake valve 2 remains unchanged. Namely, there is 
no change in the length of period in which the intake 
valve 2 remains opened. 

[0043] As the valve-lifting amount of the intake valve 
2, working angle and the opening/closing timing (phase) 
are varied by the device 9 for changing the valve-lifting 
amount and by the opening/closing timing shifting de- 
vice 11 as described above, then, the pressure in the 
cylinder varies. If the ignition is conducted at a prede- 
termined timing irrespective of a change in the pressure 
in the cylinder, an optimum ignition timing is not accom- 
plished, and the internal combustion engine is not suit- 
ably controlled. In order to conduct the ignition at an op- 
timum timing and to suitably control the internal com- 
bustion engine, therefore, the pressure in the cylinder 
must be correctly calculated depending upon changes 
in the valve-lifting amount of the intake valve 2, upon 
the working angle and upon the opening/closing timing 
(phase) thereof. 

[0044] Fig. 8 is a flowchart illustrating a method of cal- 
culating the ignition timing according to the embodi- 
ment. This routine is executed at predetermined time in- 
tervals. When the routine starts as shown in Fig. 8, it is, 
first, judged at step 100 if the engine is being started. 
When the result is YES, the pressure in the cylinder is 



25 



30 



35 



40 



45 



50 



10 



19 



EP 1 342 899 A1 



20 



correctly calculated at the start of the engine where the 
amount of the fuel is being increased, it is so judged 
based thereupon that there is no need to determine the 
ignition timing, and the routine ends. When the result is 
NO, on the other hand, the routine proceeds to step 101. 
At step 1 01 , the normal condition of pressure PCYLb in 
the cylinder at the compression top dead center is cal- 
culated based on the valve-lifting amount LT of the in- 
take valve 2, working angle VA, opening/closing timing 
VT, pressure PM in the intake pipe and the engine rota- 
tional speed NE. 

[0045] Fig. 9 is a diagram illustrating a relationship 
among the normal condition of pressure PCYLb in the 
cylinder at the compression top dead center, the valve- 
lifting amount LT and the pressure PM in the intake pipe. 
As shown in Fig. 9, the normal condition of pressure 
PCYLb in the cylinder at the compression top dead cent- 
er calculated at step 1 01 increases with an increase in 
the valve-lifting amount LT, or increases with an in- 
crease in the pressure PM in the intake pipe. Fig. 1 0 is 
a diagram illustrating a relationship among the normal 
condition of pressure PCYLb in the cylinder at the com- 
pression top dead center, the working angle VA and the 
pressure PM in the intake pipe. As shown in Fig. 1 0, the 
normal condition of pressure PCYLb in the cylinder at 
the compression top dead center calculated at step 1 01 
increases with a decrease in the working angle VA when 
the intake valve 2 is fully closed after the intake bottom 
dead center. Fig. 11 is a diagram illustrating a relation- 
ship among the normal condition of pressure PCYLb in 
the cylinder at the compression top dead center, the 
working angle VA and the pressure PM in the intake 
pipe. As shown in Fig. 11 , the normal condition of pres- 
sure PCYLb in the cylinder at the compression top dead 
centercalculated at step 1 01 increases with an increase 
in the working angle VA when the intake valve 2 is fully 
closed before the intake bottom dead center. 
[0046] Fig. 12 is a diagram illustrating a relationship 
among the normal condition of pressure PCYLb in the 
cylinder at the compression top dead center, the open- 
ing/closing timing (phase) VT and the pressure PM in 
the intake pipe. As shown in Fig. 12, the normal condi- 
tion of pressure PCYLb in the cylinder at the compres- 
sion top dead centercalculated at step 101 increases 
as the opening/closing timing (phase) VT advances 
when the intake valve 2 is fully closed after the intake 
bottom dead center. Fig. 13 is a diagram illustrating a 
relationship among the normal condition of pressure 
PCYLb in the cylinder at the compression top dead cent- 
er, the opening/closing timing (phase) VT and the pres- 
sure PM in the intake pipe. As shown in Fig. 13, the nor- 
mal condition of pressure PCYLb in the cylinder at the 
compression top dead center calculated at step 1 01 in- 
creases as the opening/closing timing (phase) VT de- 
lays when the intake valve 2 is fully closed before the 
intake bottom dead center. Fig. 14 is a diagram illustrat- 
ing a relationship between the normal condition of pres- 
sure PCYLb in the cylinder at the compression top dead 



center and the engine rotational speed NE. As shown 
in Fig. 14, the normal condition of pressure PCYLb in 
the cylinder at the compression top dead center calcu- 
lated at step 1 01 becomes a peak when the engine ro- 
5 tational speed NE is an intermediate speed. 

[0047] Reverting to the description of Fig. 8, a pres- 
sure PCYL in the cylinder at the compression top dead 
center is calculated at step 1 02 from the normal condi- 
tion of pressure PCYLb in the cylinder at the compres- 
10 sion top dead center u nder the present engine operating 
conditions. Then, at step 103, an ignition timing SA is 
calculated based on the pressure PCYL in the cylinder 
at the compression top dead center, engine rotational 
speed NE, and intake air amount GN taken in by the 
15 cylinder per a revolution, i.e., the intake air amount GN 
taken in by the cylinder during one time of intake stroke. 
Fig. 1 5 is a diagram illustrating a relationship among the 
ignition timing SA, the pressure PCYL in the cylinder at 
the compression top dead center, and the intake air 
amount GN taken in by the cylinder per one revolution. 
As shown in Fig. 1 5, the ignition timing SA calculated at 
step 1 03 is delayed as the pressure PCYL increases in 
the cylinder at the compression top dead center, and is 
delayed with an increase in the intake air amount GN 
taken in by the cylinder per one revolution. Fig. 16 is a 
diagram illustrating a relationship between the ignition 
timing SAand the engine rotational speed NE. As shown 
in Fig. 16, the ignition timing SA calculated at step 103 
advances with an increase in the engine rotational 
speed NE. 

[0048] In this embodiment as described above, a 
pressure in the cylinder (pressure PCYL in the cylinder 
at the compression top dead center) is calculated at 
steps 1 01 and 1 02 in Fig. 8 based on the opening area 
of the intake valve 2 that varies depending upon the 
valve-lifting amount LT varied by the device 9 for chang- 
ing the valve-lifting amount which is the variable valve 
mechanism, and the internal combustion engine is con- 
trolled based on the pressure in the cylinder. According 
to this embodiment, therefore, the internal combustion 
engine can be controlled based not only upon the peak 
combustion pressure in the cylinder but also upon the 
pressure in the cylinder at a moment other than the peak 
combustion pressure unlike the case of detecting the 
pressure in the cylinder by using the cylinder pressure 
sensor employed by the device for controlling internal 
combustion engines taught in Japanese Unexamined 
Patent Publication (Kokai) No. 9-53503. The internal 
combustion engine can be suitably controlled even 
when the opening area of the intake valve 2 is varied. 
More specifically, the pressure in the cylinder calculated 
based on the opening area of the intake valve increases 
with an increase in the opening area of the intake valve 
2 as shown in Fig. 9, and the internal combustion engine 
is so controlled that the ignition timing SA is delayed with 
an increase in the pressure in the cylinder as shown in 
Fig. 15. 

[0049] In this embodiment, further, the pressure in the 
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cylinder (pressure PCYL in the cylinder at the compres- 
sion top dead center) is calculated at steps 1 01 and 1 02 
in Fig. 8 based on the working angle VA of the intake 
valve 2 that is varied by the device 9 for changing the 
valve-lifting amount which is the variable valve mecha- 
nism, and the internal combustion engine is controlled 
based on the pressure in the cylinder. According to this 
embodiment, therefore, the internal combustion engine 
can be controlled based not only upon the peak com- 
bustion pressure in the cylinder but also upon the pres- 
sure in the cylinder at a moment other than the peak 
combustion pressure unlike the case of detecting the 
pressure in the cylinder by using the cylinder pressure 
sensor employed by the device for controlling internal 
combustion engines taught in Japanese Unexamined 
Patent Publication (Kokai) No. 9-53503. The internal 
combustion engine can be suitably controlled even 
when the working angle VA of the intake valve 2 is var- 
ied. More specifically, the pressure in the cylinder cal- 
culated based on the working angle VA of the intake 
valve 2 increases with a decrease in the working angle 
VA of the intake valve 2 when the intake valve 2 is fully 
closed after the intake bottom dead center as shown in 
Fig. 10, and the internal combustion engine is so con- 
trolled that the ignition timing SA is delayed with an in- 
crease in the pressure in the cylinder as shown in Fig. 
15. Further, the pressure in the cylinder calculated 
based on the working angle VA of the intake valve 2 in- 
creases with an increase in the working angle VA of the 
intake valve 2 when the intake valve 2 is fully closed 
before the intake bottom dead center as shown in Fig. 
11, and the internal combustion engine is so controlled 
that the ignition timing SA is delayed with an increase 
in the pressure in the cylinder as shown in Fig. 15. 
[0050] In this embodiment, further, the pressure in the 
cylinder (pressure PCYL in the cylinder at the compres- 
sion top dead center) is calculated at steps 1 01 and 1 02 
in Fig. 8 based on both the opening area and the working 
angle VA of the intake valve 2 that are varied by the de- 
vice 9 for changing the valve-lifting amount which is the 
variable valve mechanism, and the internal combustion 
engine is controlled based on the pressure in the cylin- 
der. According to this embodiment, therefore, the inter- 
nal combustion engine can be suitably controlled by 
more correctly calculating the pressure in the cylinder 
than when the pressure in the cylinder is calculated 
based only upon the opening area of the intake valve 2 
but not upon the working angle VA of the intake valve 2, 
or than when the pressure in the cylinder is calculated 
based only upon the working angle VA of the intake 
valve 2 but not upon the opening area of the intake valve 
2. 

[0051] In this embodiment, further, the pressure in the 
cylinder (pressure PCYL in the cylinder at the compres- 
sion top dead center) is calculated at steps 101 and 1 02 
in Fig. 8 based upon the opening/closing timing (phase) 
VT of the intake valve 2, pressure PM in the intake pipe 
and engine rotational speed NE, and the internal com- 



bustion engine is controlled based on the pressure in 
the cylinder. According to this embodiment, therefore, 
the internal combustion engine can be suitably control- 
led by more correctly calculating the pressure in the cyl- 
5 inder than when the pressure in the cylinder is not cal- 
culated based on the opening/closing timing (phase) VT 
of the intake valve 2, pressure PM in the intake pipe and 
engine rotational speed NE. 

[0052] In this embodiment, the pressure in the cylin- 
10 der is calculated based on the opening area of the intake 
valve and the like, and the internal combustion engine 
is controlled based on the pressure in the cylinder. Ac- 
cording to another embodiment, the pressure in the cyl- 
inder is calculated based on the opening areas of the 
*5 exhaust valves, and the internal combustion engine is 
controlled based on the pressure in the cylinder. Name- 
ly, the invention can be applied not only to the intake 
valves but also to the exhaust valves. 
[0053] Described below is a second embodiment of 
the device for controlling an internal combustion engine 
according to the invention. The constitution of this em- 
bodiment is nearly the same as the constitution of the 
first embodiment illustrated in Figs. 1 to 7. In this em- 
bodiment, too, the pressure in the cylinder varies as the 
valve-lifting amount of the intake valve 2, working angle 
and opening/closing timing (phase) are varied by the de- 
vice 9 for changing the valve-lifting amount and by the 
opening/closing timing shifting device 11. If the amount 
of fuel injection is set to be constant irrespective of a 
change in the pressure in the cylinder, the real air-fuel 
ratio deviates from a target air-fuel ratio, and the internal 
combustion engine is not suitably controlled. In order to 
calculate an optimum amount of fuel injection and to 
suitably control the internal combustion engine, there- 
fore, the pressure in the cylinder must be correctly cal- 
culated depending upon the valve-lifting amount of the 
intake valve 2, upon the working angle and upon the 
opening/closing timing (phase) thereof. 
[0054] Fig. 17 is a flowchart illustrating a method of 
calculating the amount of fuel injection according to the 
embodiment. This routine is executed at predetermined 
time intervals. When the routine starts as shown in Fig. 
17, it is first judged at step 200 if the engine is being 
started. When the result is YES, the amount of fuel in- 
jection is determined irrespective of the pressure in the 
cylinder at the start of the engine where the amount of 
the fuel is being increased, ft is so judged based there- 
upon that there is no need to correctly calculate the pres- 
sure in the cylinder for determining the amount of fuel 
injection, and the routine ends. When the result is NO, 
on the other hand, the routine proceeds to step 201 . At 
step 201 , the normal condition of pressure PCYLINb in 
the cylinder at the intake bottom dead center is calcu- 
lated based on the valve- lifting amount LT of the intake 
valve 2, working angle VA, opening/closing timing VT, 
pressure PM in the intake pipe and the engine rotational 
speed NE. 

[0055] Fig. 18 is a diagram illustrating a relationship 



25 



30 



35 



40 



45 



50 



12 



23 



EP 1 342 899 A1 



24 



among the normal condition of pressure PCYLINb in the 
cylinder at the intake bottom dead center, the valve-lift- 
ing amount LT and the pressure PM in the intake pipe. 
As shown in Fig. 18, the normal condition of pressure 
PCYLINb in the cylinder at the intake bottom dead cent- s 
er calculated at step 201 increases with an increase in 
the valve-lifting amount LT, or increases with an in- 
crease in the pressure PM in the intake pipe. Fig. 19 is 
a diagram illustrating a relationship among the normal 
condition of pressure PCYLINb in the cylinder at the in- 10 
take bottom dead center, the working angle VA and the 
pressure PM in the intake pipe. As shown in Fig. 1 9, the 
normal condition of pressure PCYLINb in the cylinder at 
the intake bottom dead center calculated at step 201 in- 
creases with a decrease in the working angle VA. 15 
[0056] Fig. 20 is a diagram illustrating a relationship 
among the normal condition of pressure PCYLINb in the 
cylinder at the intake bottom dead center, the opening/ 
closing timing (phase) VT and the pressure PM in the 
intake pipe. As shown in Fig. 20, the normal condition 20 
of pressure PCYLI Nb in the cylinder at the intake bottom 
dead center calculated at step 201 increases as the 
opening/closing timing (phase) VT advances. Fig. 21 is 
a diagram illustrating a relationship between the normal 
condition of pressure PCYLINb in the cylinder at the in- 25 
take bottom dead center and the engine rotational 
speed NE. As shown in Fig. 21 , the normal condition of 
pressure PCYLINb in the cylinder at the intake bottom 
dead center calculated at step 201 becomes a peak 
when the engine rotational speed NE is an intermediate 30 
speed. 

[0057] Reverting to the description of Fig. 17, the 
pressure PCYLIN in the cylinder at the intake bottom 
dead center is calculated at step 202 from the normal 
condition of pressure PCYLINb in the cylinder at the in- 35 
take bottom dead center under the present engine op- 
erating conditions. Then, at step 203, the fuel injection 
amount QINJ is calculated based on the pressure PCY- 
LIN in the cylinder at the intake bottom dead center and 
opening/closing timing (phase, valve overlapping) VT. 40 
Fig. 22 is a diagram illustrating a relationship among the 
fuel injection amount QINJ, the pressure PCYLIN in the 
cylinder at the intake bottom dead center, and the open- 
ing/closing timing (phase, vave overlapping) VT. As 
shown in Fig. 22, the fuel injection amount QINJ calcu- 45 
lated at step 203 increases as the pressure PCYLIN in- 
creases in the cylinder at the intake bottom dead center, 
and increases as the opening/closing timing (phase) VT 
is delayed, i.e., as the valve overlapping period between 
the intake valve 2 and the exhaust valve 3 decreases, so 
[0058] In this embodiment as described above, the 
pressure in the cylinder (pressure PCYLIN in the cylin- 
der at the intake bottom dead center) is calculated at 
steps 201 and 202 in Fig. 1 7 based on the opening area 
of the intake valve 2 that varies depending upon the 55 
valve-lifting amount LT varied by the device 9 for chang- 
ing the valve-lifting amount which is the variable valve 
mechanism, and the internal combustion engine is con- 



trolled based on the pressure in the cylinder. According 
to this embodiment, therefore, the internal combustion 
engine can be controlled based not only upon the peak 
combustion pressure in the cylinder but also upon the 
pressure in the cylinder at a moment otherthan the peak 
combustion pressure unlike the case of detecting the 
pressure in the cylinder by using the cylinder pressure 
sensor employed by the device for controlling internal 
combustion engines taught in Japanese Unexamined 
Patent Publication (Kokai) No. 9-53503. The internal 
combustion engine can be suitably controlled even 
when the opening area of the intake valve 2 is varied. 
More specifically, the pressure in the cylinder calculated 
based on the opening area of the intake valve increases 
with an increase in the opening area of the intake valve 
2 as shown in Fig. 18, and the internal combustion en- 
gine is so controlled that the fuel injection amount QINJ 
increases with an increase in the pressure in the cylinder 
as shown in Fig. 22. 

[0059] In this embodiment, further, the pressure in the 
cylinder (pressure PCYLIN in the cylinder at the intake 
bottom dead center) is calculated at steps 201 and 202 
in Fig. 1 7 based on the working angle VA of the intake 
valve 2 that is varied by the device 9 for changing the 
valve-lifting amount which is the variable valve mecha- 
nism, and the internal combustion engine is controlled 
based on the pressure in the cylinder. According to this 
embodiment, therefore, the internal combustion engine 
can be controlled based not only upon the peak com- 
bustion pressure in the cylinder but also upon the pres- 
sure in the cylinder at a moment other than the peak 
combustion pressure unlike the case of detecting the 
pressure in the cylinder by using the cylinder pressure 
sensor employed by the device for controlling internal 
combustion engines taught in Japanese Unexamined 
Patent Publication (Kokai) No. 9-53503. The internal 
combustion engine can be suitably controlled even 
when the working angle VA of the intake valve 2 is var- 
ied. More specifically, the pressure in the cylinder cal- 
culated based on the working angle VA of the intake 
valve 2 increases with a decrease in the working angle 
VA of. the intake valve 2 as shown in Fig. 19, and the 
internal combustion engine is so controlled that the fuel 
injection amount QINJ increases with an increase in the 
pressure in the cylinder as shown in Fig. 22. 
[0060] In this embodiment, further, the pressure in the 
cylinder (pressure PCYLIN in the cylinder at the intake 
bottom dead center) is calculated at steps 201 and 202 
in Fig. 1 7 based on both the opening area and the work- 
ing angle VA of the intake valve 2 that are varied by the 
device 9 for changing the valve-lifting amount which is 
the variable valve mechanism, and the internal combus- 
tion engine is controlled based on the pressure in the 
cylinder. According to this embodiment, therefore, the 
internal combustion engine can be suitably controlled 
by more correctly calculating the pressure in the cylinder 
than when the pressure in the cylinder is calculated 
based only upon the opening area of the intake valve 2 
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but not upon the working angle VA of the intake valve 2, 
or than when the pressure in the cylinder is calculated 
based only upon the working angle VA of the intake 
valve 2 but not upon the opening area of the intake valve 
2. 

[0061] In this embodiment, further, the pressure in the 
cylinder (pressure PCYLIN in the cylinder at the intake 
bottom dead center) is calculated at steps 201 and 202 
in Fig. 1 7 based on the opening/closing timing (phase) 
VT of the intake valve 2, pressure PM in the intake pipe 
and engine rotational speed NE, and the internal com- 
bustion engine is controlled based on the pressure in 
the cylinder. According to this embodiment, therefore, 
the internal combustion engine can be suitably control- 
led by more correctly calculating the pressure in the cyl- 
inder than when the pressure in the cylinder is not cal- 
culated based on the opening/closing timing (phase) VT 
of the intake valve 2, pressure PM in the intake pipe and 
engine rotational speed NE. 

[0062] In this embodiment, the pressure in the cylin- 
der is calculated based on the opening area of the intake 
valve and the like, and the internal combustion engine 
is controlled based on the pressure in the cylinder. Ac- 
cording to another embodiment, the pressure in the cyl- 
inder is calculated based on the opening areas of the 
exhaust valves, and the internal combustion engine is 
controlled based on the pressure in the cylinder. Name- 
ly, the invention can be applied not only to the intake 
valves but also to the exhaust valves. 
[0063] Described below is a third embodiment of the 
device for controlling an internal combustion engine ac- 
cording to the invention. The constitution of this embod- 
iment is nearly the same as the constitution of the first 
embodiment illustrated in Figs. 1 to 7. The temperature 
of gas in the cylinder varies as the valve-lifting amount 
of the intake valve 2, working angle and opening/closing 
timing (phase) are varied by the device 9 for changing 
the valve-lifting amount and by the opening/closing tim- 
ing shifting device 11. If the ignition is conducted at a 
predetermined timing irrespective of a change in the 
temperature of gas in the cylinder, an optimum ignition 
timing is not accomplished, and the internal combustion 
engine is not suitably controlled. In order to conduct the 
ignition at an optimum timing and to suitably control the 
internal combustion engine, therefore, the temperature 
of gas in the cylinder must be correctly calculated de- 
pending upon changes in the valve-lifting amount of the 
intake valve 2, upon the working angle and upon the 
opening/closing timing (phase) thereof. 
[0064] Fig. 23 is a flowchart illustrating a method of 
calculating the ignition timing according to the embodi- 
ment. This routine is executed at predetermined time in- 
tervals. When the routine starts as shown in Fig. 23, it 
is first judged at step 300 if the engine is being started. 
When the result is YES, the temperature of gas in the 
cylinder is correctly calculated at the start of the engine 
where the amount of the fuel is being increased, it is so 
judged based thereupon that there is no need of deter- 



mining the ignition timing, and the routine ends. When 
the result is NO, on the other hand, the routine proceeds 
to step 301 . At step 301 , the normal condition of tem- 
perature TCYLb of gas in the cylinder at the compres- 
5 sion top dead center is calculated based on the valve- 
lifting amount LT of the intake valve 2 , working angle VA, 
opening/closing timing VT, pressure PM in the intake 
pipe and the engine rotational speed NE. 
[0065] Fig. 24 is a diagram illustrating a relationship 
10 among the normal condition of temperature TCYLb of 
gas in the cylinder at the compression top dead center, 
the valve-lifting amount LT and the opening/closing tim- 
ing (phase) VT. As shown in Fig. 24, the normal condi- 
tion of temperature TCYLb of gas in the cylinder at the 
is compression top dead center calculated at step 301 in- 
creases with an increase in the valve-lifting amount LT, 
or increases as the opening/closing timing (phase) VT 
advances when the intake valve 2 is fully closed after 
the intake bottom dead center. As shown in Fig. 25, the 
normal condition of temperature TCYLb of gas in the cyl- 
inder at the compression top dead center calculated at 
step 301 increases with an increase in the valve-lifting 
amount LT, or increases as the opening/closing timing 
(phase) VT is delayed when the intake valve 2 is fully 
closed before the intake bottom dead center. Fig. 26 is 
a diagram illustrating a relationship among the normal 
condition of temperature TCYLb of gas in the cylinder 
at the compression top dead center, the valve-lifting 
amount LT and the working angle VA. As shown in Fig. 
26, the normal condition of temperature TCYLb of gas 
in the cylinder at the compression top dead center cal- 
culated at step 301 increases with an increase in the 
working angle VA when the intake valve 2 is fully closed 
after the intake bottom dead center. Fig. 27 is a diagram 
illustrating a relationship among the normal condition of 
temperature TCYLb of gas in the cylinder at the com- 
pression top dead center, the valve-lifting amount LT 
and the working angle VA. As shown in Fig. 27, the nor- 
mal condition of temperature TCYLb of gas in the cylin- 
der at the compression top dead center calculated at 
step 301 increases with a decrease in the working angle 
VA when the intake vafve 2 is fully closed before the in- 
take bottom dead center. 

[0066] Fig. 28 is a diagram illustrating a relationship 
between the normal condition of temperature TCYLb of 
gas in the cylinder at the compression top dead center 
and the pressure PM in the intake pipe. As shown in Fig. 
28, the normal condition of temperature TCYLb of gas 
in the cylinder at the compression top dead center cal- 
culated at step 301 increases with an increase in the 
pressure PM in the intake pipe. As shown in Fig. 29, the 
normal condition of temperature TCYLb of gas in the cyl- 
inder at the compression top dead center calculated at 
step 301 becomes a peak when the engine rotational 
speed NE is an intermediate speed, 
[0067] Reverting to the description of Fig. 23, a cor- 
rected heat value KTWALL is calculated at step 302 
based on the cylinder wall temperature Twall. The cyl- 
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inder wall temperature Twall is estimated in compliance 
with the following formula, 

Twall = (K1 x Ga(i) - Tw(i) - Twall(i - 1 )) x K2 + Twall(i) 

where K1 is a combustion correction coefficient, 
K2 is a response coefficient, Ga is an intake air amount 
calculatedbased on the output of the air flow meter 19, 
Tw is the temperature of the engine cooling water, i is a 
value of when the routine shown in Fig. 23 is executed 
this time, and i-1 is a value of when the routine shown in 
Fig. 23 was executed in the previous time. 
[0068] The combustion correction coefficient K1 as- 
sumes a positive value when the fuel injected from the 
fuel injection valve 1 5 is burning to thereby cut the fuel, 
and assumes a negative value during the motoring in 
which no fuel is burning. Fig. 30 is a diagram illustrating 
a relationship among the corrected heat value KTWALL, 
the difference between the cylinder wall temperature 
Twall and the normal condition of temperature TCYLb 
of gas in the cylinder at the compression top dead cent- 
er, and the engine rotational speed N E. As shown in Fig. 
30, the corrected heat value KTWALL increases as the 
cylinder wall temperature Twall becomes higher than 
the normal condition of temperature TCYLb of gas in the 
cylinder at the compression top dead center, and in- 
creases as the engine rotational speed NE decreases. 
[0069] Reverting to the description of Fig. 23, an in- 
take air temperature correction value KTIN is calculated 
at step 303 based on the temperature of the intake air 
taken in by the cylinder. 

Fig. 31 is a diagram illustrating a relationship among the 
intake air temperature correction value KTIN, the engine 
cooling water temperature Tw and the intake air amount 
Ga. As shown in Fig. 31 , the intake air temperature cor- 
rection value KTIN increases with an increase in the en- 
gine cooling water temperature Tw, and increases with 
a decrease in the intake air amount Ga. 
[0070] Reverting to the description of Fig. 23, an in- 
ternal EGR gas temperature correction value KTEGR is 
calculated at step 304 based on the ratio of the internal 
EGR gas in the cylinder. 

Fig. 32 is a diagram illustrating a relationship between 
the internal EGR gas temperature correction value KTE- 
GR and the ratio of the internal EGR gas. As shown in 
Fig. 32, the internal EGR gas temperature correction 
value KTEGR increases with an increase in the ratio of 
the internal EGR gas. As a modified example of this em- 
bodiment, it is possible to calculate the internal EGR gas 
temperature correction value KTEGR based on the 
amount of the internal EGR gas. In this case, the internal 
EGR gas temperature correction value KTEGR increas- 
es with an increase in the amount of the internal EGR 
gas. As another modified example of this embodiment, 
it is allowable to calculate the internal EGR gas temper- 
ature correction value KTEGR based on the ignition tim- 
ing of the previous time and the amount of the burnt gas 



per a revolution of the previous time. Fig. 33 is a diagram 
illustrating a relationship among the internal EGR gas 
temperature correction value KTEGR, the ignition timing 
of the previous time and the amount of burnt gas per a 
5 revolution of the previous time. As shown in Fig. 33, the 
internal EGR gas temperature correction value KTEGR 
increases as the ignition timing of the previous time is 
delayed, and increases with an increase in the amount 
of burnt gas per a revolution of the previous time. As a 
10 further modified example of this embodiment, it is pos- 
sible to calculate the internal EGR gas temperature cor- 
rection value KTEGR based on the air-fuel ratio of the 
previous time. Fig. 34 is a diagram illustrating a relation- 
ship between the internal EGR gas temperature correc- 
ts tion value KTEGR and the air-fuel ratio of the previous 
time. As shown in Fig. 34, the internal EGR gas temper- 
ature correction value KTEGR becomes a peak at an 
air-fuel ratio which is slightly richerthan the stoichiomet- 
ric ratio, and decreases toward either the rich side or the 
20 lean side. 

[0071] Reverting to the description of Fig. 23, a tem- 
perature TCYL of gas in the cylinder at the compression 
top dead center (TCYL <- TCYLb x KTWALL x KTIN x 
KTEGR) is calculated at step 305 based upon the nor- 
25 mal condition of temperature TCYLb of gas in the cylin- 
der at the compression top dead center calculated at 
step 301, corrected heat value KTWALL calculated at 
step 302, intake air temperature correction value KTIN 
calculated at step 303 and internal EGR gas tempera- 
te ture correction value KTEGR calculated at step 304. 
Then, at step 306, an ignition timing SA is calculated 
based upon the gas temperature TCYL at the compres- 
sion top dead center, intake air amount GN per one rev- 
olution and engine rotational speed NE. Fig. 35 is a di- 
35 agram illustrating a relationship among the ignition tim- 
ing SA, the temperature TCYL of gas in the cylinder at 
the compression top dead center and the intake air 
amount GN per a revolution. As shown in Fig. 35, the 
ignition timing SA calculated at step 306 is delayed as 
40 the temperature TCYL of gas in the cylinder at the com- 
pression top dead center becomes high, and is delayed 
as the intake air amount GN increases per a revolution. 
As shown in Fig. 16, further, the ignition timing SA cal- 
culated at step 306 advances as the engine rotational 
45 speed NE increases. 

[0072] In this embodiment as described above, the 
temperature of gas in the cylinder (temperature TCYL 
of gas in the cylinder at the compression top dead cent- 
er) is calculated at steps 301 and 305 in Fig. 23 based 
so upon the opening area of the intake valve 2 that varies 
depending upon the valve-lifting amount LT which is 
changed by the device 9 for changing the valve-lifting 
amount, which is the variable valve mechanism, and the 
internal combustion engine is controlled based upon the 
55 temperature of gas in the cylinder. According to this em- 
bodiment, therefore, it is possible to more suitably con- 
trol the internal combustion engine than when the inter- 
nal combustion engine is controlled based upon the 
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temperature of the cylinder wall, that is done by the de- 
vice for controlling internal combustion engines taught 
in Japanese Unexamined Patent Publication (Kokai) 
No. 4-81574. The internal combustion engine can be 
suitably controlled even when the opening area of the 5 
intake valve 2 is varied. More specifically, the tempera- 
ture of gas in the cylinder calculated based on the open- 
ing area of the intake valve increases with an increase 
in the opening area of the intake valve 2 as shown in 
Figs. 24 and 25, and the internal combustion engine is 10 
so controlled that the ignition timing SA is delayed as 
the temperature of gas in the cylinder increases as 
shown in Fig. 35. 

[0073] In this embodiment, further, the temperature of 
gas in the cylinder (temperature TCYL of gas in the cyl- is 
inderatthe compression top dead center) is calculated 
at steps 301 and 305 in Fig. 23 based on the working 
angle VA of the intake valve 2 that is varied by the device 
9 for changing the valve-lifting amount, which is the var- 
iable valve mechanism, and the internal combustion en- 20 
gine is controlled based on the temperature of gas in the 
cylinder. According to this embodiment, therefore, it is 
possible to more suitably control the internal combustion 
engine than when the internal combustion engine is con- 
trolled based upon the temperature of the cylinder wall, 25 
which is done by the device for controlling internal com- 
bustion engines taught in Japanese Unexamined Patent 
Publication (Kokai) No. 4-81574. The internal combus- 
tion engine can be suitably controlled even when the 
working angle VA of the intake valve 2 is varied. More 30 
specifically, when the intake valve 2 is fully closed after 
the suction bottom dead center as shown in Fig. 26, the 
temperature of gas in the cylinder calculated based on 
the working angle VA of the intake valve 2 increases with 
an increase in the working angle VA of the intake valve 35 
2, and the internal combustion engine is so controlled 
that the ignition timing SA is delayed as the temperature 
of gas in the cylinder increases as shown in Fig. 35. Fur- 
ther, when the intake valve 2 is fully closed before the 
suction bottom dead center as shown in Fig. 27, the tern- 40 
perature of gas in the cylinder calculated based on the 
working angle VA of the intake valve 2 increases with a 
decrease in the working angle VA of the intake valve 2, 
and the internal combustion engine is so controlled that 
the ignition timing SA is delayed as the temperature of 45 
gas in the cylinder increases as shown in Fig. 35. 
[0074] In this embodiment, further, the temperature of 
gas in the cylinder (temperature TCYL of gas in the cyl- 
inder at the compression top dead center) is calculated 
at steps 301 and 305 in Fig. 23 based on both the open- so 
ing area and the working angle VA of the intake valve 2 
that are varied by the device 9 for changing the valve- 
lifting amount, which is the variable valve mechanism, 
and the internal combustion engine is controlled based 
on the temperature of gas in the cylinder. According to 55 
this embodiment, therefore, it is possible to more suita- 
bly control the internal combustion engine by correctly 
calculating the temperature of gas in the cylinder than 



when the temperature of gas in the cylinder is calculated 
based only upon the opening area of the intake valve 2 
but not upon the working angle VA of the intake valve 2 
or than when the temperature of gas in the cylinder is 
calculated based only upon the working angle VA of the 
intake valve 2 but not upon the opening area of the in- 
take valve 2. 

[0075] In this embodiment, further, the temperature of 
gas in the cylinder (temperature TCYL of gas in the cyl- 
inder at the compression top dead center) is calculated 
at steps 301 and 305 in Fig. 23 based upon the opening/ 
closing timing (phase) VTof the intake valve 2, pressure 
PM in the intake pipe and the engine rotational speed 
NE, and the internal combustion engine is controlled 
based on the temperature of gas in the cylinder. Accord- 
ing to this embodiment, therefore, it is possible to suit- 
ably control the internal combustion engine by more cor- 
rectly calculating the temperature of gas in the cylinder 
than when the temperature of gas in the cylinder is not 
calculated based the opening/closing timing (phase) VT 
of the intake valve 2, pressure PM in the intake pipe, 
and engine rotational speed NE. 
[0076] In this embodiment, further, the temperature of 
gas in the cylinder is corrected at step 302 in Fig. 23 
based on the cylinder wall temperature Twall and the 
engine rotational speed NE, the temperature of gas in 
the cylinder is corrected at step 303 based on the intake 
air amount Ga, and the temperature of gas in the cylin- 
der is corrected at step 304 based on the amount of the 
internal EGR gas (ratio of the internal EGR gas), i.e., 
based on the temperature of the internal EGR gas that 
varies being affected thereby. According to this embod- 
iment, therefore, it is possible to more suitably control 
the internal combustion engine than when the temper- 
ature of gas in the cylinder is not corrected based there- 
upon. 

[0077] In this embodiment, the temperature of gas in 
the cylinder is calculated based on the opening area and 
the like of the intake valve, and the internal combustion 
engine is controlled based on the temperature of gas in 
the cylinder. In another embodiment, it is also possible 
to calculate the temperature of gas in the cylinder based 
on the opening area and the like of the exhaust valve, 
and to control the internal combustion engine based on 
the temperature of gas in the cylinder. Namely, this in- 
vention can be applied not only to the intake valves but 
also to the exhaust valves. 

[0078] Described below is a fourth embodiment of the 
device for controlling an internal combustion engine ac- 
cording to the invention. The constitution of this embod- 
iment is nearly the same as the constitution of the first 
embodiment illustrated in Figs. 1 to 7. The ratio of the 
internal EGR gas in the cylinder varies as the valve-lift- 
ing amount of the intake valve 2, working angle and 
opening/closing timing (phase) are varied by the device 
9 for changing the valve-lifting amount and by the open- 
ing/closing timing shifting device 1 1 . If the ignition is con- 
ducted at a predetermined timing irrespective of a 
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change in the ratio of the internal EGR gas, an optimum 
ignition timing is not accomplished, and the internal 
combustion engine is not suitably controlled. In order to 
conduct the ignition at an optimum timing and to suitably 
control the internal combustion engine, therefore, the ra- 
tio of the internal EGR gas must be correctly calculated 
depending upon changes in the valve-lifting amount of 
the intake valve 2, working angle and opening/closing 
timing (phase) thereof. 

[0079] Fig. 36 is a flowchart illustrating a method of 
calculating the ignition timing according to the embodi- 
ment. This routine is executed at predetermined time in- 
tervals. When the routine starts as shown in Fig. 36, it 
is, first, judged at step 400 if the engine is being started. 
When the result is YES, a ratio of the internal EGR gas 
is correctly calculated at the starting of the engine, 
where the amount of the fuel is increased, it is so judged 
based thereupon that there is no need to determine the 
ignition timing, and the routine ends. When the result is 
NO, on the other hand, the routine proceeds to step 401 . 
At step 401 , the normal condition steady-state ratio KE- 
GRb of the internal EGR gas is calculated based on the 
valve-lifting amount LT of the intake valve 2, working an- 
gle VA, opening/closing timing VT, pressure PM in the 
intake pipe and the engine rotational speed NE. 
[0080] Fig. 37 is a diagram illustrating a relationship 
among the normal condition steady-state ratio KEGRb 
of the internal EGR gas, the valve-lifting amount LT and 
the opening/closing timing (phase) VT As shown in Fig. 
37, the normal condition steady-state ratio KEGRb of 
the internal EGR gas calculated at step 401 increases 
with an increase in the valve-lifting amount LT, or in- 
creases as the opening/closing timing (phase) VT ad- 
vances. Fig. 38 is a diagram illustrating a relationship 
among the normal condition steady-state ratio KEGRb 
of the internal EGR gas, the working angle VA and the 
opening/closing timing (phase) VT. As shown in Fig. 38, 
the normal condition steady-state ratio KEGRb of the 
internal EGR gas calculated at step 401 increases with 
an increase in the valve-lifting amount VA. 
[0081] Fig. 39 is a diagram illustrating a relationship 
between the normal condition steady-state ratio KEGRb 
of the internal EGR gas and the pressure PM in the in- 
take pipe. As shown in Fig. 39, the normal condition 
steady-state ratio KEGRb of the internal EGR gas cal- 
culated at step 401 decreases with an increase in pres- 
sure PM in the intake pipe. As shown in Fig. 40, the nor- 
mal condition steady-state ratio KEGRb of the internal 
EGR gas calculated at step 401 decreases with an in- 
crease in the engine rotational speed NE. 
[0082] Reverting to the description of Fig. 36, a 
steady-state ratio KEGRST of the internal EGR gas is 
calculated (KEGRST <- KEGRb x KPA) at step 402 
based on the normal condition steady-state ratio KE- 
GRb of the internal EGR gas and the atmospheric pres- 
sure correction coefficient KPA. Namely, the correction 
is effected by taking into consideration the atmospheric 
pressure having a large ratio of the internal EGR gas. 



Fig. 41 is a diagram illustrating a relationship between 
the atmospheric pressure correction coefficient KPA 
and the atmospheric pressure. As shown in Fig. 41 , the 
atmospheric pressure correction coefficient KPA in- 
5 creases with an increase in the atmospheric pressure. 
Namely, the ratio of the internal EGR gas increases with 
an increase in the atmospheric pressure. In a modified 
example of this embodiment, it is also possible to cal- 
culate the correction coefficient based on the back pres- 
10 sure instead of calculating the correction coefficient KPA 
based on the atmospheric pressure illustrated in Fig. 41 , 
and to correct the ratio of the internal EGR gas based 
on the correction coefficient. Fig. 42 is a diagram illus- 
trating a relationship among the back pressure, the en- 
's gjne rotational speed NE and the intake air amount GN 
per a revolution. As shown in Fig. 42, the back pressure 
increases with an increase in the engine rotational 
speed NE, or increases with an increase in the intake 
air amount GN per a revolution. Fig. 43 is a diagram il- 
20 lustrating a relationship between the back pressure cor- 
rection coefficient and the back pressure for correcting 
the ratio of the internal EGR gas. As shown in Fig. 43, 
the back pressure correction coefficient increases with 
an increase in the back pressure. Namely, the ratio of 
25 the internal EGR gas increases with an increase in the 
back pressure. 

[0083] In a modified example of the embodiment, fur- 
ther, the steady-state ratio KEGRST of the internal EGR 
gas can be corrected at step that is not illustrated which 

30 js next of step 402 of Fig. 36 based upon the amount of 
the burnt gas (hereinafter referred to as "amount of 
blown-back gas") that is taken in again by the cylinder 
after being blown back into the intake pipe. Fig. 44 is a 
diagram illustrating a relationship among the amount of 

35 the blown-back gas, the average opening area of the 
intake valve 2 (average opening area of the intake valve 
during the valve overlapping period) and the average 
pressure differential before and after the intake valve 2 
(average differential between the pressure in the cylin- 

40 der and the pressure in the intake pipe during the valve 
overlapping period). As shown in Fig. 44, the amount of 
the blown -back gas increases with an increase in the 
opening area of the intake valve 2, and increases with 
an increase in the pressure differential before and after 

45 the intake valve, i.e., increases as the pressure in the 
cylinder becomes greaterthan the pressure in the intake 
pipe. Fig. 45 is a diagram illustrating a relationship be- 
tween the steady-state ratio KEGRST of the internal 
EGR gas and the amount of the blown-back gas. 

so As shown in Fig. 45, the steady-state ratio KEGRST of 
the internal EGR gas increases with an increase in the 
amount of the blown-back gas. Namely, the steady-state 
ratio KEGRST of the internal EGR gas increases with 
an increase in the opening area of the intake valve 2 or 

55 increases as the pressure in the cylinder becomes 
greaterthan the pressure in the intake pipe. According 
to this modified example, the ratio of the internal EGR 
gas is calculated based upon the opening area of the 
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intake valve 2 during the valve overlapping period varied 
by the variable valve mechanism, upon the pressure 
(pressure in the cylinder) on the downstream side of the 
intake valve 2 during the valve overlapping period and 
upon the pressure (pressure in the intake pipe) on the 
upstream side, and the internal combustion engine is 
controlled based on the ratio of the internal EGR gas. 
Therefore, the internal combustion engine can be suit- 
ably controlled by more correctly calculating the ratio of 
the internal EGR gas than when the ratio of the internal 
EGR gas is calculated based only upon the opening ar- 
ea of the intake valve varied by the variable valve mech- 
anism or than when the ratio of the internal EGR gas is 
not calculated based on the pressure downstream of the 
intake valve during the valve overlapping period or on 
the pressure on the upstream side. 
[0084] According to a further modified example, it is 
allowable to calculate the instantaneous ratio of the in- 
ternal EGR gas based upon the opening area at regular 
intervals during the valve overlapping period and upon 
a difference between the pressure in the cylinder (pres- 
sure downstream of the intake valve 2) during the valve 
overlapping period and the pressure in the intake pipe 
(pressure upstream of the intake valve 2) at regular in- 
tervals, instead of relying upon the opening area of the 
intake valve during the valve overlapping period and the 
average differential between the pressure in the cylinder 
and the pressure in the intake pipe during the valve over- 
lapping period, in order to control the internal combus- 
tion engine based on the ratio of the internal EGR gas 
obtained by integrating the instantaneous ratios of the 
internal EGR gas. According to this modified example, 
it is allowed to suitably control the internal combustion 
engine by correctly calculating the ratio of the internal 
EGR gas even when there are great variations in the 
opening area of the intake valve 2 during the valve over- 
lapping period or in the pressure upstream of the intake 
valve during the valve overlapping period or in the pres- 
sure downstream thereof. 

[0085] Reverting to the description of Fig. 36, a 
change KEGRSM from the previous time is calculated 
at step 403 based on the ratio KEGRO of the internal 
EGR gas of the previous time and the pressure PM in 
the intake pipe. 

Fig. 46 is a diagram illustrating a relationship among the 
degree of effect (= 1 - change KEGRSM from the previ- 
ous time) due to the ratio of the internal EGR gas of the 
previous time, the ratio KEGRO of the internal EGR gas 
of the previous time and the pressure PM in the intake 
pipe. As shown in Fig. 46, the degree of effect due to 
the ratio of the internal EGR gas of the previous time 
decreases with a decrease in the ratio KEGRO of the 
internal EGR gas of the previous time, and decreases 
with an increase in the pressure PM in the intake pipe. 
Namely, the change KEGRSM from the previous time 
increases with a decrease in the ratio KEGRO of the 
internal EGR gas of the previous time and increases 
with an increase in the pressure PM in the intake pipe. 



[0086] Reverting to the description of Fig. 36, a ratio 
KEGR of the internal EGR gas is calculated (KEGR <- 
(KEGRST - KEGRO) x KEGRSM + KEGRO) at step 404 
based on the steady-state ratio KEGRST of the internal 
5 EGR gas, ratio KEGRO of the internal EGR gas of the 
previous time (= ratio KEGR of the internal EGR gas 
calculated at step 404 when the routine was executed 
in the previous time) and change KEGRSM from the pre- 
vious time. Then, at step 405, an ignition timing SA is 
10 calculated based on the ratio KEGR of the internal EGR 
gas, intake air amount GN per a revolution and engine 
rotational speed NE. As shown in Fig. 47, the ignition 
timing SA calculated at step 405 advances with an in- 
crease in the ratio KEGR of the internal EGR gas, and 
'5 advances with a decrease in the intake air amount N per 
one revolution. Fig. 48 is a diagram illustrating a rela- 
tionship between the ignition timing SA and the engine 
rotational speed NE. As shown in Fig. 48, the ignition 
timing SA calculated at step 405 advances as the engine 
rotational speed NE increases. 
[0087] In this embodiment as described above, the ra- 
tio of the internal EGR gas is calculated at steps 401 
and 404 of Fig. 36 based upon the opening area of the 
intake valve 2 that is varied depending upon the valve- 
lifting amount LT which is changed by the device 9 for 
changing the valve-lifting amount, which is the variable 
valve mechanism, and the internal combustion engine 
is controlled based on the ratio of the internal EGR gas. 
According to this embodiment, therefore, it is possible 
to suitably control the internal combustion engine by 
more correctly calculating the ratio of the internal EGR 
gas than when the ratio of the internal EGR gas is cal- 
culated without considering a change in the opening ar- 
ea of the intake valve 2 by the variable valve mecha- 
nism, which is done by the device for controlling internal 
combustion engines taught in Japanese Unexamined 
Patent Publication (Kokai) No. 9-209895. Namely the in- 
ternal combustion engine can be suitably controlled by 
correctly calculating the ratio of the internal EGR gas 
even when the opening area of the intake valve 2 is var- 
ied. More specifically, the ratio of the internal EGR gas 
calculated based on the opening area of the intake valve 
increases with an increase in the opening area of the 
intake valve 2 as shown in Fig. 37, and the internal com- 
bustion engine is so controlled that the ignition timing 
SA advances as the ratio of the internal EGR gas in- 
creases as shown in Fig. 47. 

[0088] In this embodiment, further, the ratio of the in- 
ternal EGR gas is calculated at steps 401 and 404 of 
Fig. 36 based upon the working angle VA of the intake 
valve 2 that is varied by the device 9 for changing the 
valve-lifting amount, which is the variable valve mecha- 
nism, and the internal combustion engine is controlled 
based on the ratio of the internal EGR gas. According 
to this embodiment, therefore, it is possible to suitably 
control the internal combustion engine by more correctly 
calculating the ratio of the internal EGR gas than when 
the ratio of the internal EGR gas is calculated without 
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considering a change in the working angle VA of the in- 
take valve 2 due to the variable valve mechanism, which 
is done by the device for controlling internal combustion 
engines taught in Japanese Unexamined Patent Publi- 
cation (Kokai) No. 9-209895. Namely, the internal com- 
bustion engine can be suitably controlled by correctly 
calculating the ratio of the internal EGR gas even when 
the working angle VA of the intake valve 2 is varied. 
More specifically, the ratio of the internal EGR gas cal- 
culated based on the opening area of the intake valve 
increases with an increase in the working angle VA of 
the intake valve 2 as shown in Fig. 38, and the internal 
combustion engine is so controlled that the ignition tim- 
ing SA advances as the ratio of the internal EGR gas 
increases as shown in Fig. 47. 
[0089] in this embodiment, further, the ratio of the in- 
ternal EGR gas is calculated at steps 401 and 404 of 
Fig. 36 based upon both the opening area and the work- 
ing angle VA of the intake valve 2 that are varied by the 
device 9 for changing the valve-lifting amount, which is 
the variable valve mechanism, and the internal combus- 
tion engine is controlled based on the ratio of the internal 
EGR gas. According to this embodiment, therefore, it is 
possible to suitably control the internal combustion en- 
gine by more correctly calculating the ratio of the internal 
EGR gas than when the ratio of the internal EGR gas is 
calculated based only upon the opening area of the in- 
take valve 2 but not upon the working angle VA of the 
intake valve 2 or than when the ratio of the internal EGR 
gas is calculated based only upon the working angle VA 
of the intake valve 2 but not upon the opening area of 
the intake valve 2. 

[0090] In this embodiment, further, the ratio of the in- 
ternal EGR gas is calculated at steps 401 and 404 of 
Fig. 36 based upon the opening/closing timing (phase) 
VT of the intake valve 2, pressure PM in the intake pipe 
and engine rotational speed NE, and the internal com- 
bustion engine is controlled based on the ratio of the 
internal EGR gas. According to this embodiment, there- 
fore, it is possible to suitably control the internal com- 
bustion engine by more correctly calculating the ratio of 
the internal EGR gas than when the ratio of the internal 
EGR gas is not calculated based on the opening/closing 
timing (phase) VT of the intake valve 2, pressure PM in 
the intake pipe and engine rotational speed NE. 
[0091] In this embodiment, further, the ratio of the in- 
ternal EGR gas is corrected at step 402 of Fig. 36 based 
on the atmospheric pressure. In the modified example 
at step 402, the ratio of the internal EGR gas is corrected 
based on the pressure in the exhaust pipe, i.e., based 
on the back pressure, and is further corrected at step 
404 based on the ratio KEGRO of the internal EGR gas 
calculated by the routine in the previous time. According 
to this embodiment, therefore, it is possible to more suit- 
ably control the internal combustion engine than when 
the ratio of the internal EGR gas is not corrected based 
thereupon. 

[0092] In the above-mentioned embodiment and the 



modified example, the ratio of the internal EGR gas is 
calculated and the internal combustion engine is con- 
trolled based thereupon. In place of this, however, it is 
also possible to calculate the amount of the internal 

5 EGR gas based on the same methods as those de- 
scribed above and to control the internal combustion en- 
gine based thereupon. Namely, the tendencies of incli- 
nation of the curves in the above-mentioned diagrams 
are the same between when there is used the ratio of 

10 the internal EGR gas and when there is usedthe amount 
of the EGR gas. 

[0093] In the above embodiment and the modified ex- 
ample, the ratio or amount of the internal EGR gas is 
calculated based on the opening area of the intake 
*5 valve, and the internal combustion engine is controlled 
based on the ratio or amount of the internal EGR gas. 
In another embodiment, however, it is also possible to 
calculate the ratio or amount of the internal EGR gas 
based on the opening area of the exhaust valve and to 
control the internal combustion engine based on the ra- 
tio or amount of the internal EGR gas. Namely, the in- 
vention can be applied not only to the intake valves but 
also to the exhaust valves. 

[0094] Described below is a fifth embodiment of the 
device for controlling an internal combustion engine ac- 
cording to the invention. The constitution of this embod- 
iment is nearly the same as the constitution of the first 
embodiment illustrated in Figs. 1 to 7. The degree of tur- 
bulence in the cylinder varies as the valve-lifting amount 
of the intake valve 2, working angle and opening/closing 
timing (phase) are varied by the device 9 for changing 
the valve-lifting amount and by the opening/closing tim- 
ing shifting device 11. If the ignition is conducted at a 
predetermined timing irrespective of a change in the de- 
gree of turbulence in the cylinder, an optimum ignition 
timing is not accomplished, and the internal combustion 
engine is not suitably controlled. In order to conduct the 
ignition at an optimum timing and to suitably control the 
internal combustion engine, therefore, the degree of tur- 
bulence in the cylinder must be correctly calculated de- 
pending upon changes in the valve-lifting amount of the 
intake valve 2, working angle and opening/closing tim- 
ing (phase) thereof. 

[0095] Fig. 49 is a flowchart illustrating a method of 
calculating the ignition timing according to the embodi- 
ment. This routine is executed at predetermined time in- 
tervals. When the routine starts as shown in Fig. 49, it 
is first judged at step 500 if the engine is being started. 
When the result is YES, the turbulence in the cylinder is 
correctly calculated at the start of the engine where the 
amount of the fuel is increased, it is so judged based 
thereupon that there is no need of determining the igni- 
tion timing, and the routine ends. When the result is NO, 
on the other hand, the routine proceeds to step 501 . At 
step 501, the turbulence CYLTRB is calculated based 
on the valve-lifting amount LT of the intake valve 2, work- 
ing angle VA, opening/closing timing VT, pressure PM 
in the intake pipe and engine rotational speed NE. Fig. 
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50 is a diagram illustrating a relationship among the tur- 
bulence CYLTRB in the cylinder, the valve-lifting amount 
LT and the opening/closing timing (phase) VT. As shown 
in Fig. 50, the turbulence CYLTRB in the cylinder calcu- 
lated at step 501 increases with a decrease in the valve- 
lifting amount LT, or increases as the opening/closing 
timing (phase) VT delays. Fig. 51 is a diagram illustrat- 
ing a relationship among the turbulence CYLTRB in the 
cylinder, the working angle VA and the opening/closing 
timing (phase) VT. As shown in Fig. 51, the turbulence 
CYLTRB in the cylinder calculated at step 501 increases 
with a decrease in the working angle VA. 
[0096] Fig. 52 is a diagram illustrating a relationship 
between the turbulence CYLTRB in the cylinder and the 
pressure PM in the intake pipe. As shown in Fig. 52, the 
turbulence CYLTRB in the cylinder calculated at step 
501 decreases with an increase in pressure PM in the 
intake pipe. Fig. 53 is a diagram illustrating a relation- 
ship between the turbulence CYLTRB in the cylinder 
and the engine rotational speed NE. As shown in Fig. 
53, the turbulence CYLTRB in the cylinder calculated at 
step 501 increases with an increase in the engine rota- 
tional speed NE. 

[0097] Reverting to the description of Fig. 49, an igni- 
tion timing SA is calculated based on the turbulence 
CYLTRB in the cylinder, intake air mount GN per a rev- 
olution and engine rotational speed NE. Fig. 54 is a di- 
agram illustrating a relationship among the ignition tim- 
ing SA, the turbulence CYLTRB in the cylinder and the 
intake air amount GN per one revolution. As shown in 
Fig. 54, the ignition timing SA calculated at step 502 is 
delayed with an increase in the turbulence CYLTRB in 
the cylinder, and is delayed with an increase in the intake 
air amount GN per a revolution. Fig. 55 is a diagram il- 
lustrating a relationship between the ignition timing SA 
and the engine rotational speed NE. As shown in Fig. 
55, the ignition timing SA calculated at step 502 is ad- 
vanced as the engine rotational speed NE increases. 
[0098] In this embodiment as described above, the 
turbulence CYLTRB in the cylinder is calculated at step 
501 of Fig. 49 based upon the opening area of the intake 
valve 2 that is varied depending upon the valve-lifting 
amount LT which is changed by the device 9 for chang- 
ing the valve-lifting amount, which is the variable valve 
mechanism, and the internal combustion engine is con- 
trolled based on the turbulence CYLTRB in the cylinder. 
According to this embodiment, therefore, it is possible 
to suitably control the internal combustion engine by 
more correctly calculating the turbulence CYLTRB in the 
cylinder than when the turbulence CYLTRB in the cylin- 
der is calculated without considering a change in the 
opening area of the intake valve 2 due to the variable 
valve mechanism, which is done by the device for con- 
trolling internal combustion engines taught in Japanese 
Unexamined Patent Publication (Kokai) No. 
2000-73800. Namely, the internal combustion engine 
can be suitably controlled by correctly calculating the 
turbulence CYLTRB in the cylinder even when the open- 



ing area of the intake valve 2 is varied. More specifically, 
the turbulence CYLTRB in the cylinder calculated based 
on the opening area of the intake valve increases with 
an increase in the opening area of the intake valve 2 as 
5 shown in Fig. 50, and the internal combustion engine is 
so controlled that the ignition timing SA is delayed as 
the turbulence CYLTRB in the cylinder increases as 
shown in Fig. 54. 

[0099] In this embodiment, further, the turbulence 
10 CYLTRB in the cylinder is calculated at step 501 of Fig. 
49 based upon the working angle VA of the intake valve 
2, opening/closing timing (phase) VT of the intake valve 
2, pressure PM in the intake pipe and engine rotational 
speed NE, and the internal combustion engine is con- 
's trolled based on the turbulence CYLTRB in the cylinder. 
According to this embodiment, therefore, it is possible 
to suitably control the internal combustion engine by 
more correctly calculating the turbulence CYLTRB in the 
cylinder than when the turbulence CYLTRB in the cylin- 
der is not calculated based on the working angle VA of 
the intake valve 2, opening/closing timing (phase) VT of 
the intake valve 2, pressure PM in the intake pipe and 
engine rotational speed NE. In the embodiment and in 
the modified example thereof, the turbulence in the cyl- 
inder is calculated based on the opening area of the in- 
take valve, and the internal combustion engine is con- 
trolled based on the turbulence in the cylinder. In anoth- 
er embodiment, it is possible to calculate the turbulence 
in the cylinder based on the opening areas of the dis- 
charge valves and to control the internal combustion en- 
gine based on the turbulence in the cylinder. Namely, 
the invention can be applied not only to the intake valves 
but also to the exhaust valves. 
[01 00] Described below is a sixth embodiment of the 
device for controlling an internal combustion engine ac- 
cording to the invention. The constitution of this embod- 
iment is nearly the same as the constitution of the first 
embodiment illustrated in Figs. 1 to 7 except the points 
that will be described later. Further, the control routine 
of this embodiment, which will be described later, is ex- 
ecuted in combination with the control routine of any one 
of the embodiments described above. In the above em- 
bodiments, the cam has a nose of a height that is con- 
tinuously changing as shown in Fig. 3. In this embodi- 
ment, instead, there are provided a high-speed cam H 
having a relatively high cam nose, a low-speed cam L 
having a relatively low cam noise and an intermediate- 
speed cam M having a cam nose of a height lying ther- 
ebetween. 

[0101] Fig. 56 is a flowchart illustrating a method of 
controlling the cam according to the embodiment. This 
routine is executed at regular time intervals. When the 
routine starts as shown in Fig. 56, an accelerator open- 
ing degree calculated based on the output value of an 
accelerator opening sensor (not shown) is read at step 
600. Then, at step 601 , an engine rotational speed cal- 
culated based on the output value of the engine rota- 
tional speed sensor 17 is read. At step 602, a cam is 
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selected based on the accelerator opening degree, en- 
gine rotational speed and relationship shown in Fig. 57. 
Fig. 57 is a diagram illustrating a relationship among the 
accelerator open ing degree, the engine rotational speed 
and the cam to be selected. Referring to Fig. 57, when 
the accelerator opening degree Is small and the engine 
rotational speed is low, the low-speed cam L is selected. 
The height of the cam nose to be selected increases 
with an increase in the accelerator opening degree, or 
the height of the cam nose to be selected increases with 
an increase in the engine rotational speed. 
[0102] Then, at step 603, it is judged whether it is a 
timing for changing the cam. When the result is YES, 
the routine proceeds to step 604 and when the result is 
NO, the routine ends. At step 604, the cam is changed 
into the one that is selected. Then, at step 605, a delay 
in changing the cam is estimated based upon the engine 
rotational speed, upon the cooling water temperature 
calculated based on the output value of the cooling wa- 
ter temperature sensor 20 and upon a relationship illus- 
trated in Fig. 58. Fig. 58 is a diagram illustrating the re- 
lationship among the delay in changing the cam, the en- 
gine rotational speed and the cooling water tempera- 
ture. Referring to Fig. 58, the delay in changing the cam 
decreases with an increase in the engine rotational 
speed, and decreases with an increase in the cooling 
water temperature. 

[0103] In a modified example of this embodiment, it is 
also possible to estimate a delay in changing the cam 
based on the pressure of the operation fluid for operat- 
ing the cam instead of estimating the delay in changing 
the cam based on the temperature of the cooling water. 
Fig. 59 is a diagram illustrating a relationship between 
the delay in changing the cam and the hydraulic pres- 
sure. As shown in Fig. 59, it is estimated that the delay 
in changing the cam decreases with an increase in the 
hydraulic pressure. 

[0104] In another embodiment of this embodiment, 
the delay in changing the cam is estimated in advance 
prior to changing the cam based on the operating con- 
dition or the hydraulic pressure, and the timing for 
changing the cam is determined by taking the delay into 
consideration. Fig. 60 is a diagram illustrating a relation- 
ship between a moment when an instruction is issued 
to change the cam and the moment at which the cam is 
actually changed. Referring to Fig. 60, a delay in chang- 
ing the cam (= time t1 - time tO) is estimated and when 
it Is attempted to change the cam at the time t1 , an in- 
struction to change the cam is issued at the time to. 
[0105] Fig. 61 is a flowchart illustrating a method of 
calculating a fuel injection amount according to the em- 
bodiment. This routine is executed at regular time inter- 
vals. When the routine starts as shown in Fig. 61 , first, 
an output value of the air flow meter 1 9 is read at step 
700. Then, at step 701 , an engine rotational speed cal- 
culated based on the output value of the engine rota- 
tional speed sensor 17 is read. Then, an estimated cam 
selection value is read at step 702. That is, a flag rep- 



resenting a cam selected at step 602 of Fig. 56 is read. 
Then, at step 703, an intake air amount per a revolution 
is calculated by the same method as the one of the 
above-mentioned embodiment. At step 704, a response 
5 correction coefficient is calculated based on the type of 
the cam, the engine rotational speed, the intake air 
amount per a revolution and a relationship shown in Fig. 
62. Fig. 62 is one diagram illustrating the relationship 
among the response correction coefficient, type of the 
10 cam, engine rotational speed and intake air amount GN 
per one revolution. Then, at step 705, a fuel injection 
amount is calculated based on the intake air amount per 
a revolution and a relationship shown in Fig. 63. Fig. 63 
is a diagram illustrating the relationship between the fuel 
15 injection amount and the intake air amount per a revo- 
lution. 

[0106] Fig. 64 is a flowchart illustrating a routine for 
calculating an ignition timing according to the embodi- 
ment. This routine is executed at regular time intervals. 
When the routine starts as shown in Fig. 64, first, an 
intake air amount per one revolution is read at step 800. 
Then, at step 801 , the engine rotational speed is read. 
Next, an estimated cam selection value is read at step 
802. Thereafter, at step 803, an ignition timing is calcu- 
lated based on the type of the cam, the engine rotational 
speed, the intake air amount per one revolution and a 
relationship shown in Fig. 65. Fig. 65 is a diagram illus- 
trating the relationship among the ignition timing, type 
of the cam, engine rotational speed and intake air 
amount GN per one revolution. 
[0107] In a modified example of the above embodi- 
ment, it is also possible, as required, to employ the in- 
take and exhaust valves driven by the electromagnetic 
force or the hydraulic pressure instead of using the in- 
take and exhaust valves driven by the cams. 
[0108] According to the present invention as de- 
scribed above, the internal combustion engine can be 
controlled based not only upon the peak combustion 
pressure in the cylinder but also upon a pressure in the 
cylinder at a moment other than the peak combustion 
pressure. Namely, the internal combustion engine can 
be suitably controlled even when the opening areas or 
the working angles of the intake and exhaust valves are 
varied. 

[0109] Further, the invention not only controls the in- 
ternal combustion engine based simply on the cylinder 
wall temperature but also controls the internal combus- 
tion engine based on a correctly measured temperature 
of gas in the cylinder. The invention, further, makes it 
possible to suitably control the internal combustion en- 
gine even when the opening areas or the working angles 
of the intake and exhaust valves are varied. 
[0110] According to the invention, further, the amount 
of the internal EGR gas is correctly calculated even 
when the opening areas or the working angles of the 
intake and exhaust valves are varied, and the internal 
combustion engine is suitably controlled based on the 
calculated amount of the internal EGR gas. 
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[0111] Lastly, according to the invention, the degree 
of turbulence in the cylinder is correctly estimated even 
when the opening areas of the intake vales are varied 
by the variable valve mechanism, and the internal com- 
bustion engine is suitably controlled based on the de- 
gree of turbulence in the cylinder. 



Claims 

1 . A device for controlling an internal combustion en- 
gine based on a pressure in the cylinder, comprising 
a variable valve mechanism for varying opening ar- 
eas of at leasteitherthe intake valves orthe exhaust 
valves, wherein a pressure in the cylinder is calcu- 
lated based on the opening area of at least either 
the intake valve or the exhaust valve varied by the 
variable valve mechanism, and the internal com- 
bustion engine is controlled based on the pressure 
in the cylinder. 

2. A device for controlling an internal combustion en- 
gine based on a pressure in the cylinder, comprising 
a variable valve mechanism for varying working an- 
gles of at least either the intake valves or the ex- 
haust valves, wherein a pressure in the cylinder is 
calculated based on the working angle of at least 
either the intake valve or the exhaust valve varied 
by the variable valve mechanism, and the internal 
combustion engine is controlled based on the pres- 
sure in the cylinder. 

3. A device for controlling an internal combustion en- 
gine, comprising a variable valve mechanism for 
varying opening areas and working angles of at 
least either the intake valves or the exhaust valves, 
wherein a pressure in the cylinder is calculated 
based on the opening area and the working angle 
of at least either the intake valve or the exhaust 
valve varied by the variable valve mechanism, and 
the internal combustion engine is controlled based 
on the pressure in the cylinder. 

4. A device for controlling an internal combustion en- 
gine according to claim 3, wherein a pressure in the 
cylinder is calculated based on the phase of the in- 
take valve, pressure in the intake pipe and engine 
rotational speed in addition to said opening area 
and said working angle, and the internal combus- 
tion engine is controlled based on the pressure in 
the cylinder. 

5. A device for controlling an internal combustion en- 
gine according to claim 1 , wherein a pressure in the 
cylinder is calculated based on the opening area of 
the intake valve, the calculated pressure in the cyl- 
inder increasing with an increase in the opening ar- 
ea of the intake valve. 



6. A device for controlling an internal combustion en- 
gine according to claim 2, wherein a pressure in the 
cylinder is calculated based on the working angle 
of the intake valve, the calculated pressure in the 

5 cylinder increasing with an increase in the working 
angle of the intake valve when the intake valve is 
closed before the intake bottom dead center of the 
cylinder, and decreasing with an increase in the 
working angle of the intake valve when the intake 

10 valve is closed after the intake bottom dead center 
of the cylinder. 

7. A device for controlling an internal combustion en- 
gine according to claim 3, wherein a pressure in the 

15 cylinder is calculated based on the opening area 
and the working angle of the intake valve, the cal- 
culated pressure in the cylinder increasing with an 
increase in the opening area of the intake valve, in- 
creasing with an increase in the working angle of 
the intake valve when the intake valve is closed be- 
fore the intake bottom dead center of the cylinder, 
and decreasing with an increase in the working an- 
gle of the intake valve when the intake valve is 
closed after the intake bottom dead center of the 
cylinder. 

8. A device for controlling an internal combustion en- 
gine according to any one of claims 1 to 7, wherein 
an ignition timing of the internal combustion engine 
is controlled based on the calculated pressure in the 
cylinder, the ignition timing delaying with an in- 
crease in the calculated pressure in the cylinder. 

A device for controlling an internal combustion en- 
gine according to claim 4, wherein a pressure in the 
cylinder is calculated based on the opening area, 
working angle and phase of the intake valve, the 
calculated pressure in the cylinder increasing with 
an increase in the opening area of the intake valve, 
decreasing with an increase in the working angle of 
the intake valve, and increasing as the phase of the 
intake valve advances. 

10. A device for controlling an internal combustion en- 
gine according to claim 9, wherein an amount of fuel 
injected into the internal combustion engine is con- 
trolled based on the calculated pressure in the cyl- 
inder, the amount of fuel injected increasing with an 
increase in the calculated pressure in the cylinder. 

11. A device for controlling an internal combustion en- 
gine based on a temperature of a certain portion in 
the cylinder, comprising a variable valve mecha- 
nism for varying opening areas of at least either the 
intake valves or the exhaust valves, wherein a tem- 
perature of gas in the cylinder is calculated based 
on the opening area of at least either the intake 
valve or the exhaust valve varied by the variable 
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valve mechanism, and the internal combustion en- 
gine is controlled based on the temperature of gas 
in the cylinder. 

12. A device for controlling an internal combustion en- 5 
gine based on a temperature of a certain portion in 
the cylinder, comprising a variable valve mecha- 
nism for varying working angles of at least either the 
intake valves or the exhaust valves, wherein a tem- 
perature of gas in the cylinder is calculated based io 
on the working angle of at least either the intake 
valve or the exhaust valve varied by the variable 
valve mechanism, and the internal combustion en- 
gine is controlled based on the temperature of gas 

in the cylinder. '5 

13. A device for controlling an internal combustion en- 
gine, comprising a variable valve mechanism for 
varying opening areas and working angles of at 
least either the intake valves or the exhaust valves, 20 
wherein a temperature of gas in the cylinder is cal- 
culated based on the opening area and the working 
angle of at least either the intake valve or the ex- 
haust valve varied by the variable valve mecha- 
nism, and the internal combustion engine is control- 25 
led based on the temperature of gas in the cylinder. 

14. A device for controlling an internal combustion en- 
gine according to claim 13, wherein a temperature 

of gas in the cylinder is calculated based on the 30 
phase of the intake valve, pressure in the intake 
pipe and engine rotational speed in addition to said 
opening area and said working angle, and the inter- 
nal combustion engine is controlled based on the 
temperature of gas in the cylinder. 35 

15. A device for controlling an internal combustion en- 
gine according to claim 11 , wherein a temperature 
of gas in the cylinder is calculated based on the 
opening area of the intake valve, the calculated *o 
temperature of gas in the cylinder increasing with 

an increase in the opening area of the intake valve. 

16. A device for controlling an internal combustion en- 
gine according to claim 12, wherein a temperature 
of gas in the cylinder is calculated based on the 
working angle of the intake valve, the calculated 
temperature of gas in the cylinder increasing with a 
decrease in the working angle of the intake valve 
when the intake valve is closed before the intake so 
bottom dead center of the cylinder, and increasing 
with an increase in the working angle of the intake 
valve when the intake valve is closed after the in- 
take bottom dead center of the cylinder. 

55 

17. A device for controlling an internal combustion en- 
gine according to claim 13, wherein a temperature 
of gas in the cylinder is calculated based on the 



opening area and the working angle of the intake 
valve, the calculated temperature of gas in the cyl- 
inder increasing with an increase in the opening ar- 
ea of the intake valve, increasing with a decrease 
in the working angle of the intake valve when the 
intake valve is closed before the intake bottom dead 
center of the cylinder, and increasing with an in- 
crease in the working angle of the intake valve when 
the intake valve is closed after the intake bottom 
dead center of the cylinder. 

18. A device for controlling an internal combustion en- 
gine according to any one of claims 1 1 to 1 7, where- 
in an ignition timing of the internal combustion en- 
gine is controlled based on the calculated temper- 
ature of gas in the cylinder, the ignition timing de- 
laying with an increase in the calculated tempera- 
ture of gas in the cylinder. 

19. A device for controlling an internal combustion en- 
gine according to any one of claims 1 1 to 1 8, where- 
in a temperature of gas in the cylinder is corrected 
based on at least any one of the cylinder wall tem- 
perature, engine rotational speed, intake air 
amount, amount of the internal EGR gas or temper- 
ature of the internal EGR gas. 

20. A device for controlling an internal combustion en- 
gine, comprising a variable valve mechanism for at 
least either the intake valves or the exhaust valves 
thereby to control the internal combustion engine 
based on a ratio or amount of the internal EGR gas, 
wherein a ratio or amount of the internal EGR gas 
is calculated based on the opening area of at least 
either the intake valve or the exhaust valve varied 
by the variable valve mechanism, and the internal 
combustion engine is controlled based on the ratio 
or amount of the internal EGR gas. 

21. A device for controlling an internal combustion en- 
gine, comprising a variable valve mechanism for at 
least either the intake valves or the exhaust valves 
thereby to control the internal combustion engine 
based on a ratio or amount of the internal EGR gas, 
wherein a ratio or amount of the internal EGR gas 
is calculated based on the working angle of at least 
either the intake valve or the exhaust valve varied 
by the variable valve mechanism, and the internal 
combustion engine is controlled based on the ratio 
or amount of the internal EGR gas. 

22. A device for controlling an internal combustion en- 
gine, wherein a ratio or amount of the internal EGR 
gas is calculated based on the opening areas and 
the working angles of at least either the intake 
valves or the exhaust valves varied by a variable 
valve mechanism, and the internal combustion en- 
gine is controlled based on the ratio or amount of 
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the internal EGR gas. 

23. A device for controlling an internal combustion en- 
gine according to claim 22, wherein a ratio or 
amount of the internal EGR gas is calculated based 
on the phase of the intake valve, pressure in the 
intake pipe and engine rotational speed in addition 
to said opening area and said working angle, and 
the internal combustion engine is controlled based 
on the ratio or amount of the internal EGR gas. 

24. A device for controlling an internal combustion en- 
gine according to claim 20, wherein a ratio or 
amount of the internal EGR gas is calculated based 
on the opening area of the intake valve, the calcu- 
lated ratio or amount of the internal EGR gas in- 
creasing with an increase in the opening area of the 
intake valve. 

25. A device for controlling an internal combustion en- 
gine according to claim 21 , wherein a ratio or 
amount of the internal EGR gas is calculated based 
on the working angle of the intake valve, the calcu- 
lated ratio or amount of the internal EGR gas in- 
creasing with an increase in the working angle of 
the intake valve. 

26. A device for controlling an internal combustion en- 
gine according to claim 22, wherein a ratio or 
amount of the internal EGR gas is calculated based 
on the opening area and the working angle of the 
intake valve, the calculated ratio or amount of the 
internal EGR gas increasing with an increase in the 
opening area of the intake valve, and increasing 
with an increase in the working angle of the intake 
valve. 

27. A device for controlling an internal combustion en- 
gine according to any one of claims 20 to 26, where- 
in a ratio or amount of the internal EGR gas is cor- 
rected based on at least any one of the atmospheric 
pressure, pressure in the exhaust pipe, or ratio or 
amount of the internal EGR gas calculated in the 
previous time. 

28. A device for controlling an internal combustion en- 
gine according to claim 20, wherein a ratio or 
amount of the internal EGR gas is calculated based 
upon the opening area of at least either the intake 
valve or the exhaust valve varied by the variable 
valve mechanism, upon the pressure upstream of 
the intake valve and upon the pressure downstream 
thereof during the valve overlapping period, and the 
internal combustion engine is controlled based on 
the ratio or amount of the internal EGR gas. 

29. A device for controlling an internal combustion en- 
gine according to claim 28, wherein a ratio or 



amount of the internal EGR gas is calculated based 
upon the opening area of the intake valve, upon the 
pressure upstream of the intake valve and upon the 
pressure downstream thereof during the valve over- 

5 lapping period, the calculated ratio or amount of the 
internal EGR gas increasing with an increase in the 
opening area of the intake valve, and increasing 
with an increase in the difference between the pres- 
sure downstream of the intake valve and the pres- 

10 sure upstream thereof during the valve overlapping 
period. 

30. A device for controlling an internal combustion en- 
gine according to claim 28 or 29, wherein an instan- 
ts taneous ratio or amount of the internal EGR gas is 

calculated based upon the opening area of at least 
either the intake valve or the exhaust valve varied 
by the variable valve mechanism at regular inter- 
vals, upon the pressure upstream of the intake 
20 valve and upon the pressure downstream thereof 
at regular intervals during the valve overlapping pe- 
riod, and the internal combustion engine is control- 
led based on the ratio or amount of the internal EGR 
gas obtained by integrating the instantaneous ratios 
25 or amounts of the internal EGR gas. 

31. A device for controlling an internal combustion en- 
gine according to any one of claims 20 to 30, where- 
in an ignition timing of the internal combustion en- 

30 gine is controlled based on the calculated ratio or 
amount of the internal EGR gas, the ignition timing 
advancing with an increase in the calculated ratio 
or amount of the internal EGR gas. 

35 32. A device for controlling an internal combustion en- 
gine, comprising a variable valve mechanism for at 
least either the intake valves or the exhaust valves 
thereby to control the internal combustion engine 
based on a degree of turbulence in the cylinder that 
40 is estimated based on the opening area of the intake 
valve varied by the variable valve mechanism, 
wherein it is so estimated that the degree of turbu- 
lence in the cylinder increases with a decrease in 
the opening area of the intake valve varied by the 
45 variable valve mechanism, and the internal com- 
bustion engine is controlled based on the estimated 
degree of turbulence in the cylinder. 

33. A device for controlling an internal combustion en- 
so gine according to claim 32, wherein a degree of tur- 
bulence in the cylinder is estimated based upon the 
working angle of the intake valve, phase of the in- 
take valve, pressure in the intake pipe and engine 
rotational speed in addition to said opening area, 
55 and the internal combustion engine is controlled 
based upon the estimated degree of turbulence in 
the cylinder. 
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34. A device for controlling an internal combustion en- 
gine according to claim 32 or 33, wherein it is so 
estimated that the degree of turbulence in the cyl- 
inder increases with a decrease in the working an- 
gle of the intake valve, and the internal combustion 5 
engine is controlled based on the estimated degree 

of turbulence in the cylinder. 

35. A device for controlling an internal combustion en- 
gine according to any one of claims 32 to 34, where- io 
in an ignition timing of the internal combustion en- 
gine is controlled based upon the estimated degree 

of turbulence in the cylinder, and the ignition timing 
delays with an increase in the estimated degree of 
turbulence in the cylinder, *5 
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List of Reference Numerals 

1 - internal combustion engine 

2 - intake valve 

3 - exhaust valve 
4, 5 - cams 

6, 7 - camshafts 

8 - combustion chamber in the cylinder 

9 - device for changing the valve-lifting amount 
11 - opening/closing timing shifting device 

18 - intake pipe pressure sensor 

19 - air flow meter 
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